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This is the latest issue of “Science and Technology Trends — Quarterly Review”.
N ational Institute of Science and Technology Policy (NISTEP) established Science and Technology Foresight Center (STFC) in January 2001 to deepen 
analysis with inputting state-of-the-art science and technology trends. The 
mission of the center is to support national science and technology policy by 
providing policy makers with timely and comprehensive knowledge of important 
science and technology in Japan and in the world.
S TFC has conducted regular surveys with support of around 2000 experts in the industrial, academic and public sectors who provide us with their 
information and opinions through STFC’s expert network system. STFC has been 
publishing “Science and Technology Trends” (Japanese version) every month 
since April 2001. The first part of this monthly report introduces the latest topics 
in life science, ICT, environment, nanotechnology, materials science etc. that are 
collected through the expert network. The second part carries insight analysis by 
STFC researchers, which covers not only technological trends in specific areas 
but also other issues including government R&D budget and foreign countries’ 
S&T policy. STFC also conducts foresight surveys periodically.  
T his quarterly review is the English version of insight analysis derived from recent three issues of “Science and Technology Trends” written in Japanese, 
and will be published every three month in principle. You can also see them on 
the NISTEP website.
We hope this could be useful to you and appreciate your comments and advices.
T e r u t a k a  K U W A H A R A
Deputy Director General and
 Director of Sicence and Technology Foresight Center
National Institute of Science and Technology Policy
F o r e w o r d
 Contact        :   Science and Technology Foresight Center
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                       Ministry of Education, Culture, Sports, Science and Technology (MEXT)
                                         2-5-1, Marunouchi, Chiyoda-ku, Tokyo 100-0005, Japan
                                             Telephone  +81-3-3581-0605    Facsimile  +81-3-3503-3996
                                              URL   http://www.nistep.go.jp/index-e.html
                                              E-mail  stfc@nistep.go.jp
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Information and Communications Technology
and Shiso
—Shiso as a Capability for Science and Technology—
Traditionally, science and technology policies have emphasized combining the 
sciences with the humanities. The relations between science and technology and 
the humanities and social sciences discussed in this article have a completely 
different meaning from traditional notions, and can be a key factor in determining 
the growth or decline of Japan’s information and communications sector, 
especially its software sector. Based on this argument, the article proposes the 
need for a science and technology policy incorporating this perspective.
When the integration of sciences and the humanities refers to collaboration 
between science/ engineering and the humanities/ social sciences, it constitutes 
an essential element of science and technology policy, taking how science and 
technology are positioned in modern society into consideration. Japan’s Third 
Science and Technology Basic Plan repeatedly emphasizes the importance of this 
issue, especially in the environmental field.
Such integration has been pursued mainly by evaluating the positive and 
negative effects of science and technology on society from economic, ethical and 
other liberal arts perspectives. To help Japan’s software sector, which is a major 
weakness of Japan, to catch up to the levels of the U.S. and India, Japan needs 
to improve the capabilities of its scientists and engineers in the humanities and 
social sciences, or what this report refers to as shiso, and policies respecting the 
issue are needed.
Shiso, as used in this article, does not refer to a social or political system of 
thought, but is rather close to the meaning of “philosophy” as in “the practical 
philosophy of the Toyota Production System.” The article explains the meaning 
of shiso by examining three notable cases found in the history of information 
and communications technology, and discusses the need for policies to promote 
science and technology that take into account the significance of shiso.
Now that every field of science and technology, and even the entire society, are 
rapidly being computerized, the need for such science and technology policies 
is not limited to the software sector. Such policies are needed across many other 
sectors.
(Original Japanese version: published in October 2006)
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Toward Reduction of Environmental Burden
Caused by Excessive Application of
Nitrogen Fertilizer
—  Reduction of Groundwater Pollution and
 Nitrate Contents in Agricultural Products —
About 22% (nationwide average) of daily life water, including drinking water, 
in Japan is sourced from groundwater, with the ratio being as high as 50% in 
some regions. According to the “White Paper on the Environment 2006,” of the 
26 items for which environmental criteria have been established relating to 
human health, nitrate-nitrogen and nitrite-nitrogen in groundwater most notably 
exceed those criteria. The rate of excess is 5.5% and the degree of failure to meet 
nitrate-nitrogen and nitrite-nitrogen criteria has not lessened since FY1999, when 
that environmental criterion was first established. It has been pointed out that 
an anoxic symptom, called methemoglobinemia, can be caused when humans 
ingest water containing a certain level of nitrate-nitrogen and nitrite-nitrogen 
concentration because the blood loses its ability to transport oxygen, and 
because carcinogenic nitroso compounds may be generated. Nitrate-nitrogen and 
nitrite-nitrogen also cause nutrient enrichment in rivers, lakes, and enclosed sea 
areas.
Groundwater pollution caused by nitrate-nitrogen and nitrite-nitrogen is related 
to excessive use of nitrogen fertilizers (such as chemical fertilizers and compost) 
in the agricultural production activities. The Third Science and Technology Basic 
Plan lists the issue of reduction of groundwater pollution caused by agricultural 
production activities as one of the important research and development subjects 
related to adequate water control technology in agriculture and forestry. In 
addition to groundwater pollution, excessive application of nitrogen fertilizers 
leads to the accumulation of nitrates in agricultural products, so it must also be 
addressed from the perspective of safety and security of foodstuffs.
In order to reduce the environmental burden on groundwater and keep the 
nitrate concentration at a low level while maintaining crop yields, it is important 
to apply appropriate amounts of fertilizer at appropriate times according to 
specific stages of cultivation. To this end, it is necessary to enable farmers to easily 
determine the amounts of nitrogen fertilizer to be applied to specific products 
cultivated in soils that have different contents of residual nitrogen. It is also 
necessary to promote the use of fertilizers that prevent leaching into groundwater 
and reduce the environmental burden.
The EU led the world in introducing legal regulations to restrict excessive 
application of nitrogen fertilizers that increase the environmental burden. 
Although similar regulations have not been established in Japan, an economic 
incentive aimed at reducing use of chemical fertilizers has been introduced 
based on the Sustainable Agricultural Law that came into force in 1999 and the 
Agricultural Environment Standard established in 2005. However, domestic criteria 
for nitrate concentration in vegetables have not yet been established because 
sufficient medical data are not available.
In order to reduce the effects of excessive fertilization on groundwater 
pollution and decrease nitrate content in agricultural products, the following 
items must be implemented alongside development of awareness of adequate 
fertilization among farmers: (i) establishment of fertilization standards that 
take both environmental conservation and food safety into consideration; (ii) 
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development of simple measuring equipment to be used for fertilization design 
based on soil and crop diagnoses; (iii) development of fertilizers that enable 
reduction of environmental burden.
 (Original Japanese version: published in December 2006)
Use of Science and Technology
for Tangible Cultural Property
Cultural properties inform today’s society of changes in past social structures 
created through the wisdom and creativity of human beings since time 
immemorial. They are assets shared by all humanity for use in the creation of 
contemporary and future cultural society. Down through the ages, they have been 
influenced by all kinds of factors, including natural conditions, before coming 
into our possession. They are precious, and should they be lost they cannot be 
recovered. It is the responsibility of today’s society to preserve this inheritance, to 
pass it on to future generations, and to create new value from these assets.
For the preservation of tangible cultural properties in particular, it is necessary 
to utilize selected conservation techniques systems and other procedures for 
maintaining and transmitting traditional techniques, and to develop preservation 
technology based on modern science. In order to preserve and restore tangible 
cultural properties, science and technology should be used both as technology 
to control deterioration and as information technology using databases for 
preservation.
Through material surveys of tangible cultural properties, determination of 
the materials originally employed enables use of the same materials in carrying 
out repairs, knowledge of the materials enables the creation of appropriate 
conservation environments (temperature, humidity, etc.), and understanding the 
technical level of cultural properties aids in determining their value.
Computerization of tangible cultural properties should actively promote the 
accessibility and utilization of cultural properties through the use of digital 
archives. The Agency for Cultural Affairs, the Ministry of Internal Affairs and 
Communications, and other agencies network cultural properties in various 
locations, promoting the “Cultural Heritage Online concept” that provides 
information on diverse cultural properties in Japan and abroad. The project aims at 
securing participation by 1,000 museums and other relevant organizations during 
FY 2006.
Going forward, cooperation among those concerned with cultural properties 
and researchers and technologists in other fields should be further strengthened, 
together with greater collaboration among research institutions dealing with 
cultural properties, and promotion of joint surveys and research. In particular, 
examination of a qualification system for those directly involved in preservation 
and restoration of cultural properties would be effective in fostering a succession 
of technologists, of whom there is currently a shortage. In order to support 
the preservation and restoration of cultural properties from an international 
perspective, it is also important to promote active technical cooperation with 
various countries, centered on Japan’s own technologies for the preservation and 
restoration of cultural properties.
 (Original Japanese version: published in December 2006)
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EU Nanoroadmap:
Issues and Outlook for Technology Roadmaps 
in the Nanotechnology Field
In recent years, as the importance of innovation in socioeconomic development 
has become widely recognized, technology roadmaps have been attracting 
attention as a way of effectively planning and implementing future research and 
development. As part of its Sixth Framework Programme (FP6), the European 
Commission (EC) created a roadmap for nanotechnology (the EU Nanoroadmap), 
and published it on a website in January 2006. The roadmap’s purpose is to 
provide a medium- to long-term projection and outline for nanotechnology in 
three research fields (materials, health and medical systems, energy) through 2015. 
This report introduces the EU Nanoroadmap and examines probable future issues 
facing technology roadmaps in the field as well as their optimal form.
The EU Nanoroadmap was a two-year project researched and carried out during 
2004-2005. In the initial year, it collected and analyzed information regarding 
nanotech policy and technology trends in various countries and sought to 
identify the fields where nanotech could be applied based on the results. In the 
second year, the project worked on narrowing down each of the three fields to 
four technology areas and preparing roadmaps for each of them. International 
conferences were held each November to introduce survey results and gather 
the opinions of participants. An international consortium comprising technology 
consultants in different areas of expertise from eight EU countries and Israel was 
formed in order to carry out the survey. The Delphi method was used in the actual 
preparation of the roadmap. About 230 experts responded, over 80 percent of 
them from Europe and more than 60 percent in academia.
Characteristic of the EU Nanoroadmap is its incorporation of many 
non-technical aspects. The Sectoral Reports from the project’s first year address 
economic effects, social impacts, technology trends, and policies in various 
countries for each areas. The Technology Roadmap Reports predict and analyze 
characteristics and risks of various technologies, the EU’s global competitiveness, 
and future applications over the coming 10 years. Focusing on applications of 
technologies, the roadmaps’ horizontal axis is the development phase (basic 
research, applied research, etc.) rather than time. The time axis concept is 
expressed in three maps for five-year periods beginning in 2005 (materials field). 
Subsequently, technological and social issues and bottlenecks are discussed. The 
comparative international competitiveness of technology, need for integrated 
research facilities, and so on are broadly examined.
In research fields such as nanotechnology that aim to construct new industries, 
the uncertainty of technological realization and of markets makes it extremely 
difficult to map out connections among technologies and products. Roadmaps in 
the field must therefore be careful to avoid narrowing the potential of nanotech 
more than necessary even as they seek to clarify strategy. Concrete measures 
that can be taken to address this include annual revisions, creation of maps that 
use the “functions” and “characteristics” likely to be demanded of materials in 
the future as axes, and clarification of goals by strengthening integration with 
roadmaps for other fields. In addition to such measures, preparers and users must 
be fully aware of the issues and risks involved with nanotech roadmaps.
(Original Japanese version: published in October 2006)
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Trends and Outlook in High-Temperature
Fuel Cells for Clean Coal Technology
Coal is abundantly available throughout the world and is a vital resource for 
energy security. However, as it has high CO2 emission intensity, it is vital to reduce 
CO2 generation from coal utilization by achieving environmentally harmonious 
coal technology (clean coal technology) in order to reduce global warming. In 
particular, the integrated coal gasification fuel cell combined cycle (IGFC) has an 
estimated power generation efficiency of 50 to 55%, and is expected to become 
the ultimate coal-based power generation technology. Significant progress has 
been made in researching this technology.
High-temperature fuel cells (molten carbonate fuel cells; MCFC and solid oxide 
fuel cells; SOFC), which allow high-temperature hydrogen and carbon monoxide, 
primary components of coal gas, to be directly used as fuel, are suitable for IGFC. 
This report provides an overview of IGFC technology, describes trends in the 
research and development of the key technology of high-temperature fuel cells, 
identifies issues in promoting research and development in Japan, and proposes 
policy measures to be taken.
(1)  Defining the positioning of the technology as a means of reducing 
CO2 emissions
   In the US, the positioning of clean coal technology, including IGFC as 
a means of reducing CO2, is accepted by society, and a master plan for 
clean coal technology has been promoted as the FutureGen project in a 
top-down manner. The many practical uses of EOR (Enhanced Oil Recovery ) 
technology and progress in research on CO2 storage have made a considerable 
contribution to this. In order to promote the development of IGFC in Japan, 
it is essential that as in the US, the technology becomes socially accepted as 
a means of reducing CO2, and academic research and demonstration on CO2 
capture and storage (CCS), in which Japan lags behind, are accelerated. It is 
essential to coordinate the R&D strategies between CCS and IGFC.
(2)  Identifying issues and milestones in applying high-temperature fuel 
cells to IGFC
   Progress in high-temperature fuel cells and other technology areas such 
as coal gasification and CCS technologies, as well as collaboration among 
concerned parties, is necessary to achieve IGFC. At the moment, coal 
gasification and CO2 separation technologies are in the demonstration stage, 
ahead of high-temperature fuel cells. The mismatches of R&D progress stage 
have caused less-communication among the concerned parties. It is necessary 
to identify potential technological issues of high-temperature fuel cells in 
achieving a pilot plant for IGFC, define concrete measures and development 
steps to overcome the issues, and to develop milestones with gate goals 
defined to move toward subsequent steps.
(3) Further progress in development of relevant key technologies
   Coal gasification technology is a key technology that affects overall power 
generation efficiency, and therefore, research and development for further 
improvement in the efficiency is required. Progress in this area requires 
research based on expertise and knowledge accumulated in disciplines as 
5
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diverse as mechanical engineering, materials engineering, computer science 
and combustion engineering.
(4) Feasibility study on international cooperation
   It is important to enhance collaboration with large potential coal-importing 
countries, especially in Asia, and promote international cooperation in IGFC 
technology. An intellectual property protection and distribution program 
needs to be established by countries participating in the international 
cooperation in order to develop smooth cooperative relationships. First, 
we need to clarify what cooperation we can offer and in which stages of 
development we can offer cooperation. Then, we need comprehensive 
discussion, including technical and institutional issues, with Asian countries 
that will need clean coal technology in the future.
 (Original Japanese version: published in November 2006)
R&D on Human- and Environment-conscious
Manufacturing Systems
Japan needs to maintain the international competitiveness of its industries 
and further develop the economy by solving resources, environmental and 
demographic problems. Simultaneously achieving environmental conservation 
and economic growth is a policy goal of the Third Science and Technology Basic 
Plan. In particular, the plan’s promotional strategy for the “MONODZUKURI 
Technology” field cites “human-centered manufacturing practices” as a basic 
policy, and declares Japan’s determination to maximize the added value 
created through a value chain as a policy challenge. The center of a value 
chain is the manufacturing system, which should be aimed at benefiting both 
humans/environment and economy. Here is a summary of what this article 
proposes as particularly notable directions of future R&D on human- and 
environment-conscious manufacturing systems in Japan.
(1)  Research on human- and environment-conscious manufacturing 
systems should take into account the entire system structure.
   Manufacturing systems have a large potential for raising the standard of 
industries across Japan because they can increase the added value of the 
manufacturing industry, which has a large influence on other industries. In 
particular, human- and environment-conscious manufacturing systems have 
a great potential for generating social and economic value. Japan should 
conduct R&D that takes into account the entire manufacturing system 
with the aim of raising the standard of Japanese industries across the board, 
rather than research on manufacturing systems on a partial or subsystem 
level, which can lead to local solutions to problems that contradict each 
other.
(2)  Research on human-conscious manufacturing systems should 
pursue wearable devices that extend human ability and devices that 
humans can control at their will, with emphasis on human-centered 
structure, which has contributed to the success of cell production 
systems.
   Human-centered structure is the primary factor of cell production 
6
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systems, a technology that motivates workers and can consequently 
improve manufacturing efficiency and quality through improvements to 
work procedures devised by motivated workers. Using this structure and 
focusing on research for devices and equipment including wearable design, 
researchers should seek for (i) cell production systems applicable to a 
wider range of products, such as those incorporating heavy parts currently 
not suitable for application, and (ii) manufacturing system technologies to 
quickly meet increasingly dynamic change in product variety and volume, 
driven by diversifying user needs.
(3)  Research on environment-conscious manufacturing systems should 
be directed at reducing the total amounts of necessary resources 
and activity, such as technologies to optimize the entire life cycle 
(including maintenance activities and technologies for optimization 
across all the companies involved in the life cycle).
   In addition to technologies to reduce necessary resources through the 
reuse of parts, research is needed on manufacturing systems aimed at 
reducing the total amounts of necessary resources and activity, through 
comprehensive efforts in the following areas: (i) technologies to optimize 
both assembly and disassembly processes across separate companies and 
(ii) condition-based maintenance technologies based on the prediction of 
the remaining useful life of parts, which are effective for reducing waste 
generated from periodical replacement of still useful parts.
 (Original Japanese version: published in November 2006)
Trends in the Utilization of 
Telecommunications Satellite Systems
Telecommunications satellite systems, which are a typical product of practical 
space development using geostationary orbit, ensure communication channels 
in the event of emergencies and disasters and play major roles in long-distance, 
wide-area, and one-to-many communications, as well as in broadcasting. The 
present major roles of telecommunications satellite systems are to: (i) provide 
alternative communication tools in the event of a communication blackout 
due to disasters, (ii) serve as major forms of communication in isolated islands 
and remote areas where terrestrial infrastructures are not fully developed, (iii) 
provide rapid adaptability in such cases as rescue work and news gathering where 
mobility is required, and (iv) act as communication tools for mobile platforms 
such as aircraft and ships.
Although satellite communications technology is considered by some to 
have reached maturity, it is an indispensable infrastructure for the construction 
of ubiquitous networks that integrate telecommunications systems such as 
terrestrial optical fiber networks and submarine cable systems, and further 
research and development must be made in this field. The Third Science and 
Technology Basic Plan takes up “telecommunications satellite systems” as one 
of the important research and development themes in the frontier field, and 
sets out research and development targets and goals for the following three 
items: “Wideband InterNetworking engineering test and Demonstration Satellite 
(WINDS)” in FY 2007, “Engineering Test Satellite VIII (ETS-VIII)” in FY 2006, and 
“Research and development of advanced satellite communications technologies.” 
Frontier
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From a medium- and long-term perspective, it is expected that the results of the 
research and development will lead to the realization of small size, light-weight, 
low cost, and high capacity communications systems so that the ubiquitous 
society will eventually be realized by establishing common platforms integrated 
with terrestrial systems. After the era of optical communications, we may see the 
advent of quantum communications, which are considered to be the safest form 
of communication. European countries and China are already planning to conduct 
experiments on quantum cryptography communications between satellites and 
the ground.
This article presents an overview of the present status of research and 
development and expected utilization of telecommunications satellite systems, 
and makes the following recommendations.
(1)  Utilization of satellite communications in times of disasters and
 emergencies
Space infrastructures compensate for the weaknesses of terrestrial 
infrastructures at times of disaster. In particular, from the viewpoint of 
safety and security, Japan should establish a “satellite that enables immediate 
information transfer to the public regarding disasters and emergency 
management” as one of the most important infrastructures.
(2) Continuous utilization of telecommunications satellite systems for 
 improved convenience
In order to improve the convenience of mobile communications and 
provide ubiquitous Internet connection, it is necessary to continue to provide 
the communication functions of ETS-VIII and WINDS, which are now being 
operated on an experimental basis. Japan should establish an environment in 
which technical development, production, and operation of communications 
satellites are continuously being implemented so that equipment and devices 
developed by Japan can be reasonably selected in the course of international 
procurement of the satellites required in the national interest and security of 
Japan.
(3)  Promotion of research on future technologies based on satellite 
communications technology
Japan must decide on what direction technical development should take 
after the targets of the telecommunications satellite systems are achieved in 
accordance with the Third Science and Technology Basic Plan. In addition to 
the modification of technologies such as improving capacity and accuracy, 
Japan should consider promoting research on long-distance space quantum 
communications based on the satellite communications technologies it has 
developed.
 (Original Japanese version: published in October 2006)
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Information and Communications Technology and Shiso
— Shiso as a Capability for Science and Technology —
SUSUMU HAYASHI
Affiliated Fellow
1 Introduction
When the integration of sciences and the 
humanities refers to collaboration between 
science/engineering and the humanities/social 
sciences, it constitutes an essential element 
of science and technology policy, taking how 
science and technology are posit ioned in 
modern society into consideration. Japan’s Third 
Science and Technology Basic Plan[1] repeatedly 
emphasizes the impor tance of th is i ssue, 
especially in the environmental field.
However, this article views relations between 
science and technology and the humanities 
and social sciences in a way that is completely 
di f ferent from the notion of integration as 
suggested above. The article points out how these 
relations can be a key factor in determining the 
growth or decline of Japan’s information and 
communications sector, especially the software 
sector, and proposes the need for a science and 
technology policy incorporating this perspective.
This ar t icle is an extension of the view 
proposed i n  “The Two R at iona l i t ies  and 
Japan’s Sof tware Engineer ing”[2], a feature 
article in the September 2004 issue of “Science 
& Technolog y Trends” that  ana lyzed the 
weakness of Japan’s software sector from the 
perspective of rationality. While the earlier 
paper focused on software technology, the 
present paper encompasses the information and 
communications field as a whole, and portrays 
social systems for researchers as the source of 
science and technology. This perspective is what 
I refer to as shiso (see definition below), which 
is a Japanese term, and the issue is not confined 
to information technology alone. As most science 
and technology fields, and even the entire society, 
are becoming computerized and cybernated*1, 
the need is growing for science and technology 
policies that incorporate shiso, particularly 
policies aimed at the development of human 
resources.
1-1 This article’s definition of shiso
This article provides a discussion intended to 
contribute to the promotion of Japan’s science 
and technology. From this perspective, the usual 
meaning of the Japanese term shiso -a social or 
political thinking structure - is not appropriate 
for the discussion. Shiso, as used in this article, 
is dissimilar to the one used to explain Kantian 
philosophy and Marxism**, but is rather close to 
the meaning of “philosophy” as in “the practical 
philosophy of the Toyota Production System.” 
To avoid confusion, what this article refers to 
as shiso is first defined, and then followed by a 
discussion on the need for shiso.
The Kojien Japanese dictionary defines shiso as 
follows: (1) thought; (2) <philosophy> (a) results 
of contemplation not just through intuition prior 
to any judgment, but through such intuition 
combined with logical reflection; the content of 
such thinking, especially structured thinking; (b) 
a system of comprehensive ideas on society and 
life, often with social or political implications.
Placing emphasis on the systemic aspect 
mentioned in (2)-(a) and the comprehensiveness 
in (2)-(b), this article defines shiso as shown in 
Table 1.
According to the definition in Table 1, shiso 
encompasses everything that arises from spirit 
(as in the pioneering spir it, the explorer’s 
12
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spirit, and the frontier spirit) and philosophy 
(the phi losophy underlying Japanese - style 
manufacturing), to culture (corporate culture, 
Toyota’s culture), soul (an engineer’s soul), 
and doctrines and “isms” (Taylorism, Fordism, 
rationalism). Because this article broadens the 
meaning of shiso so much from ordinary usage, 
even technical words are included. According 
to this definition, “The Protestant Ethic and the 
Spirit of Capitalism,” a work by sociologist Max 
Weber, may be regarded as a treatise explaining 
the cause-effect relation between two different 
shisos such as th is : “the Protestant shiso  
produced the shiso of modern capitalism.”
2 Shiso in information and
 communications technology:
 Software engineering and
 the development of the Internet
This chapter explains what shiso, as defined 
above, actually represents, examining three 
notable cases found in the history of information 
and communications technology. These examples 
demonstrate two things: (1) Shiso in science 
and technology has different phases; (2) Shiso 
has had strong positive and negative impacts 
on the history of the U.S.- led development of 
information and communications technology.
The f i rst case helps expla in the role of 
shiso in recent trends in software production 
technology. This is an attempt to address shiso 
as a useful methodology for systems and systems 
development processes, and is an extension of 
previous articles by this author and his fellow 
researchers[2,3]. Shiso has two meanings in this 
case. One is close to shiso as in “this system’s 
design shiso,” which is a concept specific to each 
software development project and lasts for a 
relatively short time on a small scale. Shiso here 
can be defined as “lower level” shiso because it 
is more specific and individualized. The other 
meaning is related to the attitude where “each 
development project shall have a lower level 
shiso specific to it,” and this will be used to 
point out how this attitude has been advocated 
as a new paradigm for software production by 
an increasing number of researchers since the 
late 1990s. This represents a major shift in the 
software development process paradigm, and is a 
“higher level” shiso as suggested in the remaining 
two cases, because it is a common idea among 
different development projects over the long 
term.
This leads to the second case, which explains 
a higher level shiso. The second case will reveal 
the role that shiso played in the development of 
the Internet, the largest direct effect exerted by 
information technology on society. The last case 
is Web2.0, a typical case of higher level shiso and 
a major recent trend in information technology. 
This subject is analyzed from the viewpoint 
of shiso as defined in this article. Web2.0 is 
not a collective term referring to a set of new 
technologies, but a clear embodiment of shiso. 
It has something in common with the other two 
examples and is strongly linked to current social 
changes.
2-1 Software development in relation to
 theoretical and shiso-oriented skills
Current trends in sof tware engineer ing 
mean that sof tware engineers have had to 
start acquiring capabilities that may be called 
“theoretical skills” and “shiso - oriented skills.” 
A. Cockburn, a prominent American software 
consultant, described in his recent book[4] how 
the theory propounded by the 2006 Turing Award 
winner P. Naur, known as “programming as 
theory building,” is in fact practical knowledge 
for software developers. What Naur calls theory is 
not a set of printable rules, such as programs and 
specifications, but a more comprehensive idea 
consisting of knowledge possessed by those who 
create rules (programmers), especially that on 
how to create rules, and the process for creating 
and maintaining rules. Naur’s theory uses the 
terminology of British philosopher G. Ryle, who 
was influenced by the ideas of Wittgenstein, one 
of the most distinguished philosophers of the 
Table 1 : This article’s definition of “shiso”
Shiso refers to a specific pattern of thinking being shared, 
and handed down from one generation to the next, in a 
specific group (e.g., a religious order, professional group, 
ethnic group, company, university, community), and a system 
(a set) of such patterns. However, shiso is unlike instinct and 
custom in that any action taken according to shiso must be 
conscious, where “conscious action” means the person taking 
that action is aware that it follows a distinctive pattern.
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20th century. The above study by Cockburn[4] 
also cites design scholar P. Aine’s explanation of 
software development based on Wittgenstein’
s language theories, suggesting that Cockburn 
v iews  pr ac t ica l  k nowledge  on  sof t wa re  
engineering as an extension of the philosophy 
(shiso) of Wittgenstein. What Naur means by 
theory building is the activity of matching 
elements in real -world activities with formal 
and symbolic operations on the computer. From 
this perspective, Naur has emphasized that the 
“exercise of theory building” is essential for the 
education of programmers.
Shisos simi lar to Cockburn’s and Naur’s 
constitute a dominant trend in recent software 
engineering. For example, the same tendency is 
clear in “Problem Frames”[5], the latest theory of 
M. Jackson, the inventor of the Jackson method*2, 
which some cal l the world’s f i rst program 
development method. D. D’Souza, who is known 
for his component-based development method*3, 
has also stressed this trend for several years and is 
trying to construct an original shiso for software 
development[6].
These shisos should be considered as skills 
because of their contribution to improving 
software productivity. They are “lower level 
shisos” if expressed by the terms introduced 
at the beginning of this chapter, or they are 
the opposite of scientific theories if put with 
the term “theory” as defined by Ryle and Naur. 
Modern scientific theories owe much to Western 
phi losophy. The phi losophies of Descartes 
and Leibniz and the shiso of Newton have had 
an impact on the generation of each scientific 
theory, whether positively or negatively. Shiso 
helped scientific theories to be incorporated 
into culture and society, consequently allowing 
science and technology to bring change to shiso. 
This fact suggests that shiso is precisely the right 
tool to harmonize the development of systems 
that exist as independent theories. That is, what 
Cockburn, Jackson and D’Souza proposed are, in 
fact, shisos.
This explanation clearly holds true for agile 
methods, the latest software methodology that 
has quickly come into widespread use since 
the beginning of the 2000s (see Reference[2]). 
Unlike conventional software development 
methods, such as the Jackson method, agile 
methods have been promoted through a group 
called the Agile Alliance, in which anyone who 
agrees with the Agile manifesto, a set of values 
on software development, can participate. In 
short, what defines agile methods are these 
values, or shiso. Agile methods are based on the 
shiso that the key factor of success or failure in a 
development project is the relationships among 
programmers within the development team. This 
is natural, considering that what Ryle and Naur 
call theory resides not just on paper, but in the 
minds of the people involved. Since people act 
as devices to create and store theories, the state 
of the mind of each device, such as the courage 
to accept change and the humility to facilitate 
ease of communication among team members, 
influences productivity. Agile methods emphasize 
such attitudes of programmers, and argue that 
having a good mind is an indispensable skills of 
being a programmer. This is very close to what 
Japanese companies have traditionally promoted 
as corporate cultures through kaizen activities. 
In fact, as explained in the following chapter, 
Toyota and other Japanese-style production and 
management shisos have influenced the shiso of 
agile methods. This is proof that agile methods 
may be called a shiso.
In summary, the latest software engineering 
consists of theoretical sk i l ls (sk i l ls cal led 
“modeling”) to create systems as individual 
theories and shiso -oriented skills, which refer 
to structured terms and phrases to enable 
theoretical sk i l ls to be communicated and 
learned.
2-2 Shiso in the history of Internet development
The previous section explained what shiso is, 
taking the latest trends in software engineering as 
examples. The next section describes examples 
taken from the early days of modern information 
and communications technology. Shiso played an 
essential role in the development of the Internet, 
one of the greatest inventions of the 20th century. 
Internet technology was born, led by one person’s 
shiso, at a time when few people could recognize 
its potential or visualize its complete form.
Waldrop[7] and Kita[8] wrote that the shiso of 
a psychologist named J.C.R. Licklider played a 
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critical role in the early stages of the development 
of the Internet. In particular, Kita’s “Internet no 
shiso shi” (“The History of Ideas of the Internet”) 
carries the word “shiso” in the title. This book 
portrays the history of Internet development as 
a history of ideas or a history of the evolution of 
technical ideas.
A lthough personal computers connected 
through a network constitute the popular image 
of modern IT society, this was not the dominant 
technical image in the 1960s and 1970s, when 
such networked computers had yet to emerge. 
In the information and communications world 
before the Internet, research groups dispersed 
across the U.S. were separately conducting 
outstanding studies that would go down in 
scientific history. They were striving toward 
different goals, while competing with each other. 
Some were faced with the limitations of thinking 
inherent to technology professionals, and others 
suffered from their inability to transcend existing 
technologies and a lack of evaluation from the 
users’ point of view.
However, technologies resulting from these 
efforts were integrated by shisos proposed 
by the psychologist L ickl ider between the 
l a te  1950 s  a nd the  ea r ly  1960 s ,  such a s  
“man -machine symbiosis” and “a network of 
thinking centers,” and were made manifest 
under the guidance of these shisos. Licklider had 
once been a development team member of the 
SAGE system*4, an epoch-making system in the 
annals of computer development history. This 
experience, combined with his nonexpert status 
in the information technology field, made him a 
scientist who was capable of roughly estimating 
the potential of technologies from the viewpoint 
of a user without technical bias. Coincidentally, 
this scientist was offered an important post in the 
U.S. Advanced Research Projects Agency (ARPA), 
which gave him access to ample funds for use at 
his discretion. Licklider made the bold decision 
to spend the funds on emerging elemental 
technologies corresponding to his shiso.
The Roman philosopher Seneca remarked, “If 
one does not know to which port one is sailing, 
no wind is favorable.” This is sometimes quoted 
with reference to requirement engineering, a 
branch of software engineering, as a warning 
to software development teams who may fail 
in their endeavors if they do not successfully 
identify their goals (requirements). Licklider was 
able to show the direction of the port, or the goal 
(developing the Internet), through his own shiso.
When the subject is an integrated technology 
l ike the Internet, the commitment of many 
excellent research groups is not enough, because 
their progress will be offset if individual groups 
are aiming at different goals according only to 
their own shisos, with no shared shiso to align 
them. This is like a boat whose crew is rowing 
toward different destinations. By contrast, even 
small driving forces can produce a great effect 
when aligned and combined (Figure 1). When 
the situation was similar to (a) in Figure 1, 
Licklider used research funds, an element of the 
research environment, to roughly set a direction 
(destination port) for researchers to pursue, in a 
manner that few of them recognized. The result 
was the launch of the Internet. Once the Internet 
emerged, the societal need for such technologies 
as email and the Web became the “port,” rapidly 
���������������������������������������������
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Figure 1 : Cockburn’s explanation of development project directions
Prepared by the NISTEP based on Figures 3-17 and 18 in Reference[4]
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spreading the Internet in a way few experts had 
imagined.
2-3 Web2.0 and the open shiso
The last case is Web2.0, referred to by some 
as “the latest version” of the Internet, and which 
is derived from Licklider’s shiso. Web2.0 is an 
idea proposed in the autumn of 2005 by T. 
O’Reilly, a well-known author of software-related 
literature. Umeda introduced the term to Japan 
in his book[9]. One may still wonder what kind 
of technology this is. Although Web2.0 obviously 
has something to do with the Google search 
engine, even O’Reilly’s article[10] does not provide 
an explicit explanation of Web2.0 technology. 
Instead, he just lists, alongside common and well 
known technologies like “Napster,” “Wikipedia,” 
“blogs” and “web services,” such notions as 
“syndication” and “participation,” which may be 
regarded as a policy or an attitude.
Like agile software development, which is 
an alliance of people sharing the same shiso, 
Web2.0 is actually a group of information and 
communications technologies and services based 
on a common shiso. That is, as agile software 
development is essentially a shiso symbolized by 
the Agile manifesto, Web2.0 may be expressed 
as nothing but the shiso of Web2.0. This means 
that an easy explanation of the essence of 
this shiso should not necessarily be sought in 
software - related literature. As far as I know, 
the closest idea to the essence of the Web 2.0 
shiso has been represented by T. Friedman, 
an American journalist, as the “f lattening of 
the world,” which he says is a “new version” 
of globalization[11]. Web2.0 is this f lattening 
phenomenon in the information technology 
sector, and is one of the most significant technical 
factors behind the overall global flattening.
To put it simply, the shiso of Web2.0 may 
be considered as one that aims to transform a 
society into an aggregated intelligence acting 
l ike a huge cyborg, by connecting people’s 
individual intelligence (assumed as CPUs) through 
information and communications technology. 
Under this assumption, the performance of the 
resulting device is dependent on the performance 
of individual CPUs, or humans, and of the society 
to which these people belong. This suggests 
that improving the quality and accuracy of such 
“information devices” as Google and Wikipedia 
is not a matter of science and technology, as has 
been conventionally assumed, but a matter of 
social and educational policies. The quality of the 
Wikipedia free encyclopedia varies depending on 
the language used. The quality of the Japanese 
language version is generally not as good as 
the English version. This can be attributed to 
a disparity in performance between the two 
language-speaking groups, or more specifically, 
the size of the Japanese - speaking population 
and the English - speaking population and the 
total quality of each group. This disparity in 
performance is highly likely to be reproduced 
on larger scales because Wikipedia, Google 
and similar technologies are now being widely 
adopted in education as a matter of course, and 
the Japanese have a low competence in the 
English language.
It is also obvious that such a social scientific 
ana lys i s  of  societ ies  i s  ind ispensable for 
forecasting trends in, for example, the long 
tail phenomenon[9], which is explained as a 
“structural change in commerce” as a result of 
applying the above devices to commerce. Because 
this kind of issue needs to be discussed in light 
of not only economic principles, but also from 
language and cultural perspectives (where the 
issue is pertinent to numerous countries) and the 
values in the society.
What is more noteworthy is that the shisos 
of Web2.0 and f lattening are not isolated or 
exceptional examples. The primary element 
underlying them is the same as the one behind 
the open source movement in the software 
sector. That is, the shiso that is optimal for 
solving a problem concerning an entity that 
is too vast and too fast- changing for anyone 
to theoretica l ly predict the future with in 
a  reasonable  t i mef r ame,  i s  to  use soc ia l  
collaboration. That is to say, the best approach is 
first disclosing as many constraints as possible, 
then sharing a provisional solution with others 
through a network of many independent people 
who have a common goal and shiso, and allowing 
them to refine the solution step by step through a 
succession of methodical modifications.
Apply this shiso to knowledge searching, then 
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the answer is Google; apply it to encyclopedia 
making, and the result is Wikipedia; and if you 
apply it to software development, then you will 
be led to Linux and other open source products. 
When the same shiso is adopted by a custom 
software development team on a limited basis, 
the product is agile methods. In the case of 
Internet development described in the previous 
section, merely sharing a goal was shown to be 
insufficient, but the shiso of Licklider, who was 
responsible for allocating the research funds, was 
able to compensate for this deficiency. “Collective 
knowledge,” a term that has recently gained some 
currency, is also closely related to this shiso. 
In short, these are all methodologies that aim 
to transform a society into a production device 
with unparalleled capacity by ensuring that its 
members have as much freedom as possible 
and by standardizing and leveling the quality of 
these members through education. This device 
is capable of autonomous reproduction on an 
enlarged scale, as existing knowledge generates 
new knowledge incrementally. Since Web2.0 is 
in essence a shiso, things similar to it will appear 
again even after the term itself falls into disuse, 
and they will drastically reshape society and 
science and technology.
3 Negative shiso and Japan’s
 concern
The previous chapter presented three cases to 
demonstrate that shiso has played a critical role in 
the information and communications sector since 
its infancy through until today, and that this trend 
is accelerating. However, shiso does not always 
have positive effects. This chapter describes 
some of the negative impacts shiso has had on 
science, and discusses potential negative effects 
that the absence of shiso in Japan’s information 
and communications technology might have on 
the country’s collective science and technology 
endeavors.
3-1 Negative shiso and its implications
An examination of the history of science 
shows that shiso has significantly inf luenced 
science, as mentioned earlier. Many scientists 
wi l l  concur with th is v iew. However, the 
influence may not have been always positive. 
In Section 2-1, shiso was defined as something 
inducing theory development. Scientific theory 
is a kind of theory. If a theory is assumed to 
represent one field of technology, shiso can be 
considered as a metascience. A science governed 
by a metascience is naturally dependent on 
that metascience. A lthough the examples 
presented so far are all successful ones, an error 
in metascience can sometimes exert a negative 
influence on science.
F o r  e x a m p l e ,  M i c h i o  K o b a y a s h i ,  a n  
internationally renowned philosopher with 
a special interest in Descartes, describes the 
adverse ef fect of Car tesian phi losophy on 
Cartesian physics[12] as follows. From the point 
of view of today’s researchers, natural science 
and philosophy were unified in the thinking 
of Descartes, who was a natural scientist and 
philosopher, and his philosophy justified his 
methodologies in natural science. Despite 
having mathematical methodologies capable 
of correctly solving the equivalent pendulum 
problem (finding a pendulum whose movement 
is equivalent to the swing of a board pivoted at 
a point), Descartes concluded that the problem 
was unsolvable. The fundamental shiso in his 
cosmology told him that interrelationships 
between the board and substances surrounding 
it  were too complex to be solved by h i s  
mathematics.
The viability of Hilbert’s Program*5 was refuted 
by the incompleteness theorem. Research into the 
history of mathematics by myself and others[13] 
has revealed that this program, proposed by the 
great mathematician, D. Hilbert, was an attempt 
to mathematically prove the shiso of “solvability,” 
or the notion that every mathematical problem 
can be solved f in itely, which occurred to 
Hilbert when he was still unknown within the 
mathematical community. In this case, a wrong 
shiso acted as an impetus for the 20th century 
mathematical shiso known as structuralism. This 
implies that even a wrong shiso can sometimes 
incubate a right shiso.
Looking at the history of software engineering, 
i n  t he  19 8 0 s ,  B .  B o eh m  d e v i s e d  sp i r a l  
development, a forerunner of agile development, 
as an antithesis to the waterfall development 
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model, which views software development as 
a linear process of “requirement specification 
→ design → implementation → validation → 
installation→ maintenance.” Nevertheless, the 
waterfall model persisted for a long time, and is 
believed to have exerted a significant adverse 
influence. This is a typical example of negative 
shiso in software engineering, a discipline 
where shiso is a key factor. Interestingly, the 
year 1986[14], in which Boehm proposed spiral 
development, a strong impetus to move away 
from the waterfall model occurred only a year 
after S. Kline criticized the linear process[15] of 
development, claiming that there was no rational 
basis to confine technological development to 
the linear model of “science→ basic research→
R&D→ design→ production→ sales→ market.” 
The mid-80s also coincide with the time when 
the Massachusetts Institute of Technology (MIT) 
started research on Lean Manufacturing, the 
U.S. version of the Toyota development method 
that is one of the sources of agile development 
in software engineering. Sociologically, this 
represents a social phenomenon in which simple, 
modern rationalistic shiso began disappearing 
from U.S. engineering communities as they 
realized the benefits of Japanese-style kaizen.
3-2 Seepage of information technology and 
 the future of Japan’s science and technology
If the most fundamental shiso for a county’s 
science and technology generates negative 
effects, a slowdown can occur in every facet of its 
science and technology endeavors. The departure 
from the linear shiso since the mid-80s in the 
U.S., described above, indicates that American 
engineering prior to that time had been under 
the negative inf luence of shiso. The question 
here is whether the same problem can happen to 
Japanese technology. In fact, I have a concern that 
Japan may suffer from such negative shiso effects 
in the future.
The results of the seventh Delphi survey[16] 
conducted by the National Institute of Science 
and Technology Policy (NISTEP) in 2000 provide 
an interesting perspective: The importance 
of the information sector, which is regarded 
as a promising growth technology, will fal l 
sharply in 2010 and beyond. After an additional 
survey was conducted, the report attributed 
this result primarily to the view held by many 
researchers and engineers that technologies 
i n  the  i n for mat ion and com mu n icat ions  
f ield wi l l be assimi lated into other f ields, 
becoming nonexistent as an independent area 
of research. To put this another way, these 
professionals predict that every thing wi l l 
become computerized and cybernated. This idea 
resembles the theory of Web2.0, which Umeda 
explained in his book[9] by using the phrase “that 
side and this side.”
M o r e  s p e c i f i c a l l y,  m a ny  i n fo r m a t i o n  
technologies wil l exit the f ield that is sti l l 
referred to by the outmoded name “information 
processing” (and is viewed as a special and 
independent technological f ield), and wil l 
eventually come to assume a position in every 
engineering field analogous to the one that 
mathematics occupies today. However, unlike 
mathematics, information and communications 
technology is definitely a technology. From 
this perspective, the above phenomenon may 
be understood to be a phenomenon in which a 
technology field named “information” is seeping 
across the boundaries into other fields. This 
phenomenon is the cybernation of engineering 
that many engineers and technologists are 
experiencing. The trend is likely to continue.
Web2.0 is actually a shiso indicating that the 
cybernation of society will advance without 
foreseeable limits, encouraging user participation. 
Probably it is reasonable to expect that this 
cybernation, along with the f lattening, will 
progress further. If this prediction of the seepage 
of information and communications technology 
proves to be right, future science and technology 
will incorporate more elements derived from 
software engineering in nature.
However, the Third Science and Technology 
Basic Plan[1] points out the weakness of the 
software sector in Japan, as does a survey by 
the NISTEP[17], which suggests that the sector 
lags behind the U.S. These views coincide with 
my arguments in an earlier article[2], which 
also showed the basis for this assessment. If 
this weakness of Japan stems from a lack of 
rationality, or shiso, as argued in this earlier 
article[2], it may end up pervading the industry 
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and even the entire society. Chuma’s study 
on the decl ine in the compet it iveness of 
Japan’s microlithography industry[18] represents a 
concrete example of this phenomenon. Now that 
such an example exists, the possibility of a worst 
case scenario must not be ignored.
The possibility of a worst case scenario is high, 
in light of the fairly common view that there is 
no shiso in science and technology in Japan. One 
person warned of the danger of no shiso more 
than 100 years ago: E. Bälz, a German teacher 
working at Tokyo Teikoku University during 
the Meiji era. In 1901, in a famous speech[19] 
marking the 25th anniversary of his service to the 
university, Bälz expressed serious concern about 
Japan’s science and technology, or more precisely, 
the future directions of its education. He referred 
to European science and technology, which Japan 
was then trying to acquire in order to maintain 
its sovereignty, as “the great spiritual principle” 
nurtured by the history of Europe, and compared 
European science and technology to trees that 
bear abundant fruit if grown well. Bälz criticized 
the Japanese people (in the Meiji era) for 
assuming that science was a machine that could 
always produce the same products wherever 
in the world it was installed-an approach that 
would only bear fruit for the time being-, and 
encouraged them to learn the spirit, not the 
technique, of science from visiting international 
scholars such as himself. Quite a few scientists 
and engineers would probably agree that Bälz’s 
criticism still holds true for today’s Japan, even 
after a lapse of more than 100 years.
4 Conclusion
Previous chapters discussed the significance 
of shiso in science and technology, but the role 
of shiso varied between the examples shown. 
However, these examples can be considered 
as the occurrence of the same phenomenon 
in different settings, from the perspective that 
capabilities to manipulate “things without shape 
or substance” that warrant the name of shiso 
are becoming increasingly important, as the 
social structure becomes more complex and 
standardization and informatization progress as 
ways to bring order to complexity.
Many of these capabilities are of the same 
type as those falling under the umbrella of the 
liberal arts. At least in Japan, liberal arts have 
been regarded as knowledge for character 
development, rather than for directly contributing 
to society or productive activities. Consequently, 
many engineers and scientists, including myself, 
may have felt somewhat proud of being free of 
the “useless” shiso of the liberal arts.
Under such ci rcumstances,  l ibera l  a r t s  
education at Japanese universities is deteriorating. 
Most science students, especially those taking 
engineering, tend to have little interest in the 
shiso of the liberal arts, and most of the faculty 
believe that there is little need for such education. 
However, shiso contributes signif icantly to 
science and technology on various levels, as 
the present article has explained. What is more 
noteworthy is that not only has shiso contributed 
to epoch-making events in the history of science 
and technology, such as the development of the 
Internet, but it is becoming an indispensable 
capability in the field of reliable technology 
where daily software production takes place. The 
significance of shiso as a methodology in science 
and technology is growing in many areas. Shiso 
also represents a competitiveness issue relating to 
the survival of Japanese industry.
Web2.0 trends, as typif ied by Wikipedia, 
Google, and long - ta i l  markets,  cannot be 
predicted without social scientific research. 
More importantly, it is impossible to predict 
future developments in American information 
and communications technology circles, which 
intend to promote Web2.0 more aggressively 
and ma i nta i n  the present  dom i nance by 
understanding Web2.0 as an independent shiso 
and sharing it as a shiso.
Attention should be paid to the fact that in 
the U.S., Google and Web2.0 are discussed 
by computer science students and engineers 
rather than by economists. That is to say, in 
the U.S., new technologies and disciplines are 
often created by experts in information and 
communications technology based on shiso, in 
the same way as the Internet was developed. 
By contrast, such technologies or technology 
experts are very rare in Japan. The Japanese 
seem to just keep focusing on producing more 
18
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
19
Q U A R T E R L Y  R E V I E W  N o . 2 3  /  A p r i l  2 0 0 7
accurate components, at a time when the source 
of competitiveness has shifted to how to design 
systems for a society acting as production 
equipment.
If this situation is left unaddressed, Japan will 
lag farther behind the U.S. in the information and 
communications sector, and will be forced to 
continue to trail emerging India and even China. 
The primary argument of this article is that this 
problem is mainly dependent on the shiso and 
the type of thinking conducted by scientists and 
science and technology policy makers.
Since shiso is essentially pertinent to human 
beings, the only possible remedy must be 
improving education. One way to nur ture 
talent like Licklider is to introduce the double 
major system*6, l ike American universities. 
This method should be effective and relatively 
ea sy  to  i nt roduce i nto u n iver s i t ies  with 
outstanding liberal arts teachers and high-quality 
science students, although it could backfire if 
science students with poor liberal arts’ skills 
and understanding were forced to endure 
uninteresting lectures. Since not all scientists 
and engineers assume a post like Licklider’s, the 
introduction of the double major system requires 
that the level and goals of each educational 
institution need to be considered.
In the example of Web2.0, many scientists 
and engineers sharing the same information 
technolog y shi so  and cu ltu re have been 
voluntarily collaborating, rather than being led 
by a science policy or other programs, to pursue 
a single goal. Their shiso is spread through 
university education, as represented by the fact 
that Google and Yahoo, two leading Internet 
companies, were founded by graduate students of 
Stanford University. The presence and importance 
of the Palo Alto culture that formed in the area 
around the university impressed me in the 1980s 
and 1990s, when I, as a computer scientist, 
visited Stanford University’s Computer Science 
Department on a regular basis. The ability of 
Si l icon Valley’s environment and culture to 
incubate new information technologies is vividly 
depicted in Umeda’s recent book[9]. Building such 
an environment is exactly what Bälz described 
as growing “trees that bear abundant fruit” of 
science and technology in his speech[19] cited in 
Section 3-2.
In contrast, Licklider’s example shows that if a 
science and technology policy is led by a person 
with shiso or vision, rather than pursued through 
collective creation as in the case of Web2.0, it 
can produce highly valuable results. Shiso is not 
easy to communicate to others. Communicating 
shiso is far more difficult than communicating 
technology because it is essentially implicit 
knowledge. As this example suggests, an effective 
way of successfully implementing a science 
and technology policy according to shiso is to 
empower a talented researcher with shiso or 
vision to lead the project. This key scientist must 
have sufficient knowledge and skills as a policy 
maker, as a policy practitioner, and as a politician. 
Science history indicates that in Europe and the 
U.S., there were a number of legendary scientists 
who served as pr ime ministers, ministers, 
politicians or policy practitioners. By contrast, 
in Japan, the only memorable f igure would 
be Akito Arima, a physicist who was once the 
Minister of Education, Culture, Sports, Science 
and Technology. To accelerate the nurturing 
of such talent, Japan should seriously consider 
introducing an educational program, such as the 
double major system, to its principal universities, 
with the aim of developing students that have 
balanced abilities in both science and liberal arts.
F r o m  m y  e x p e r i e n ce  a s  a n  e du c a t o r,  
theoretical skills and associated shiso -oriented 
skills, explained in the argument on software 
engineering, are easier for science students 
to understand when their usefulness is taught 
through practical projects. Although being 
shiso - related, these skil ls are concrete and 
practical enough to be acquired through the 
practice of Design Patterns*7 and UML -based 
development*8. Universities would be able to 
teach such small - scale shiso by the seemingly 
paradoxical approach of revising their curricula 
for information-related departments to emphasize 
hands - on laboratory activities and practical 
projects. The result would be university versions 
of apprenticeships and on-the-job training, which 
would require faculty who could understand 
and exploit such shiso. Unfortunately, current 
information-related departments in Japan lack 
such faculty, and it has been observed by some 
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that Japan has only a few laboratories where 
software engineering is studied in the true sense. 
Alternatively, acquiring such human resources 
from companies is infeasible because few firms 
have the capacity to develop such talent. On 
the contrary, companies expect universities to 
assume such a role.
Realistic solutions under such circumstances 
are, for example, hands - on laboratory type 
education led by outstanding international 
engineers and overseas apprenticeship programs. 
Likewise, the development of Licklider - l ike 
human resources does not have to necessarily 
take place in Japanese universities ; giving 
students opportunities to learn and research at 
overseas universities should be considered. There 
is no doubt that Japan’s levels of research and 
education in individual science and technology 
fields are as high as foreign ones, but when 
it comes to nurturing scientists with shiso as 
defined by the present article, especially those 
who are capable of policy making, current 
Japanese universities have little experience. As 
far as this issue is concerned, the knowledge 
that is worthwhi le learning from Western 
universities, which have a long history in science 
and technology, has hardly decreased since the 
days of Bälz. The government should consider 
the strategy of sending students overseas in an 
attempt to develop such human resources. In 
particular, instead of undergraduate and graduate 
students who have little time to acquire political 
literacy, a viable approach to nurturing scientists 
with political insight would be to dispatch 
young researchers and engineers overseas, and 
have them engage in policy-making jobs while 
overseas in order to acquire essential shiso skills.
From this perspective, it is worthwhile noting 
that Umeda, who was the first Japanese to address 
the theory of Web2.0, and other Japanese living 
in Sil icon Valley, are assimilating shiso and 
implementing projects to give young Japanese 
the same experience they had while living and 
working in California. Supporting such activities 
of non-profit organizations is yet another measure 
the government can take.
Explanation
** The Japanese term shiso is a unique word 
for which no English word can exactly 
substitute. Shiso  can be translated as 
“ thought ,”  “idea ,”  and “ph i losophy,”  
depending on the context or custom. 
For example “shiso  sh i” (“sh i” means 
history) is translated as “history of ideas,” 
and “postmodern shiso” as “postmodern 
thought.”
Glossary
*1 Become cybernated: Cyberspace refers to 
a society or world constructed in a virtual 
computer space by creating on a computer 
things corresponding to real-world physical 
objects. When a physical object is copied 
(moved) into cyberspace, it  becomes 
cybernated. As more objects become 
cybernated, cyberspace will become the real 
space, producing things nonexistent in the 
“physical” real world. In a broad sense, the 
monetary system and financial market are 
forms of cyberspace.
*2 Jackson method: A software design method 
proposed by M. Jackson, a prominent 
London-based software consultant. This 
technique is recognized as one of the first 
software design methods. In this method, 
a programmer first analyzes the data flow, 
and then uses the results to design software. 
Today, the Jackson method is rarely used 
because the programming environment has 
significantly changed.
*3 Component-based development method: 
A relatively new software design method. 
Like Dell Computer’s strategy for computer 
production, which comprises procuring 
standardized parts and assembling them, 
this method entails creating standardized 
sof tware components, which are then 
assembled into software.
*4 SAGE system: An early nuclear defense 
system of the U.S. It  was the world’s 
first system that delivered the common 
features of today’s information technology, 
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such as networking, real - time control, 
interactiveness, and graphic displays. 
Although the SAGE system served as the 
driving force of IBM’s growth, it was hardly 
used in practice. Being designed for defense 
against the Soviet Union’s nuclear bombers, 
the system became useless with the advent 
of the ICBM era.
*5 Hilbert Program : A mathematical research 
project carried out in the 1920s by Hilbert, 
the 20th century’s greatest mathematician. 
The goal of the program was to provide 
secure foundations for all mathematics. 
Godel’s discovery of the incompleteness 
theorem put an end to the program.
*6 Double major system : A system in American 
u n iver s i t ie s  that  a l lows  s t udent s  to  
concurrently major in two subjects. This 
is so common in the U.S. that American 
students studying in Japan sometimes feel 
unhappy about their being permitted to 
major in only one subject. A system similar 
to this is the major-minor system.
*7 Design Patterns : A collection of software 
co n s t r u c t i o n  p a t t e r n s  i n s p i r e d  b y  
architectural design pattern collections 
compiled by the architect Alexander. The 
concept of Design Patterns is characterized 
by the use of pattern language, which acts as 
standard templates for description.
*8 UML (Unified Modeling Language): A 
specification language that is becoming 
a standard language for software design. 
Three representative methodologies were 
integrated to create this language, thus 
“Unified.” With certification systems started 
in Japan and China, UML is almost a requisite 
for software engineers.
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2
Toward Reduction of Environmental Burden
Caused by Excessive Application of Nitrogen Fertilizer
— Reduction of Groundwater Pollution and Nitrate Contents
in Agricultural Products —
HIROKAZU FUKUSHIMA
Environment and Energy Research Unit
1      Introduction
Agr iculture is inherently equipped with 
various environmental protection functions 
(such as flood control, preparation for drought, 
prevention of soil erosion, and purif ication 
of water and air). Furthermore, agriculture is 
a series of sustainable production activities 
that make use of natural recycling of materials 
such as water, nitrogen, and carbon; thus, it is 
possible to maintain environmental harmony by 
implementing appropriate agricultural production 
techniques that make the most of these inherent 
environmental protection functions[1] (Figure 1). 
However, poor or misguided farming practices 
can impose major burdens on the environment, 
potentially leading to adverse effects on the safety 
and security of foodstuffs. Therefore, agricultural 
chemicals are strictly regulated in Japan based 
on the Agricultural Chemicals Regulation Law[2]; 
however, there is no regulation of fertilizers.
In the Third Science and Technology Basic 
Plan, the issue of groundwater pollution caused 
by agricultural production activities is listed as 
an important research and development subject[3] 
(Environmental Field: Research on Water and 
Materials Cycles and River Basin Sector Program 
3 “Adequate Water Control Technology in 
Agriculture and Forestry”).
Source: Reference[1]
Figure 1 : Relationship between agriculture and environment
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Nitrogen fer t i l izers (including chemical 
fertilizers and compost), which are essential 
tools in agricultural production, have been 
used to a greater extent than actually required. 
This is probably due to the tendency of many 
farmers to apply more fertilizer than is needed 
in an effort to increase harvests. However, such 
excessive fertilization imposes a heavy burden 
on the environment. The excessive fertilizer 
components that are not utilized by agricultural 
products penetrate beneath the soil, raising 
the nitrate -nitrogen content in groundwater. 
E xces s ive  fe r t i l i z a t ion  a l so  causes  h ig h  
accumulation of nitrates in agricultural products 
(particularly vegetables).
The purpose of this report is to discuss 
m e a s u r e s  f o r  s o l v i n g  t h e  p r o b l e m  o f  
environmental burden and high accumulation of 
nitrates in agricultural products due to excessive 
application of nitrogen fertilizers.
2      Groundwater pollution in Japan
2-1    Status of groundwater pollution in Japan
The annual consumption of daily life water, 
including drinking water, in Japan is 16.1 billion 
m3, of which 22.1% (nationwide average) is 
sourced from groundwater. Some regions depend 
on groundwater for over 50% of their daily life 
water supply[4] (Figure 2).
Accord ing to a water qua l it y sur vey of  
groundwater carried out in 2004, of the 26 
items for which environmental criteria have 
been established relating to human health, 
nitrate-nitrogen and nitrite-nitrogen most notably 
exceed the environmental criteria with a rate 
of 5.5%[5] (Table 1). Figure 3 shows that the 
degree of failure to meet nitrate -nitrogen and 
nitrite -nitrogen criteria has not lessened since 
FY1999, when the environmental criteria were 
established.
Nitrate-nitrogen ingested by humans is reduced 
to nitrous acid by bacteria living in the mouth 
cavity and digestive system. If the generated 
nitrous acid are absorbed and enter the blood, 
they react with hemoglobin in the red blood cells 
that transport oxygen, thereby converting the 
hemoglobin into methemoglobin, which cannot 
transport oxygen. The increase in nitrous acid 
concentration can cause methemoglobinemia, 
which turns the skin blue and cause vomiting, 
and may result in death in the worst case. It has 
been also pointed out that nitrate-nitrogen may 
generate carcinogenic nitroso compounds[6].
In order to promote proactive, planned and 
more systematic prevention of health hazards 
caused by water pollution, nitrate-nitrogen and 
nitrite -nitrogen were included among the 25 
items designated in 1993 to be monitored. The 
guideline value for total nitrate -nitrogen and 
nitrite-nitrogen was set at 10 mg/L based on the 
results of epidemiologic investigation regarding 
the relat ionship between nitrate - n itrogen 
concentration and methemoglobinemia carried 
out by Walton*1 and, at the same time, taking 
the water quality standards for city water into 
consideration. Subsequently, it was found through 
water quality measurements that nitrate-nitrogen 
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Figure 2 : Dependency rates of daily life water on groundwater by regions in 2003 in Japan
Source: Reference[4] 
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and nitrite-nitrogen concentrations were high in 
water for public use, particularly in groundwater. 
Based on these results, the environmental criteria 
were reviewed and, in 1999, nitrate-nitrogen and 
nitrite-nitrogen were added to the environmental 
criteria for pollution of groundwater[7].
2-2    Causes of groundwater pollution caused
         by nitrate-nitrogen
The Ministry of the Environment conducts 
an annual questionnaire survey asking local 
governments about the status of investigations 
into and measures against groundwater pollution. 
Results of the survey in 2004[8] indicated 1,398 
wells that did not conform to the criteria for 
nitrate -nitrogen and nitr ite - nitrogen. Table 
2  shows  t he  nu mber  o f  noncon for m i ng  
cases of groundwater pol lution caused by 
nitrate -nitrogen and nitrite -nitrogen, and the 
ratio of nonconforming cases. The number of 
nonconforming cases attributable to wastewater 
from households was 217 (15.5%), those resulting 
from excretory substances produced by farm 
Item
No. of measured 
samples
No. of samples 
exceeding standard
Rate of 
Excess (%)
Environmental 
criteria 
Cadmium 
Total cyanogen 
Lead 
Hexavalent chromium 
Arsenic
3,247
2,723
3,566
3,420
3,666
0
0
14
0
74
0
0
0.4
0
2.0
0.01      mg/Lmax 
Not to be detected
0.01      mg/L max
0.05      mg/L max
0.01      mg/L max 
Total mercury
Alkyl mercury
PCB
Dichloromethane
Carbon tetrachloride 
3,235
993
1,899
3,535
3,661
5
0
0
0
4
0.2
0
0
0
0.1
0.0005  mg/L max
Not to be detected
Not to be detected
0.02      mg/L max
0.002    mg/L max
1,2-dichloroethane
1,1-dichloroethylene
Cis-1,2-dichloroethylene
1,1,1-trichloloethane
1,1,2-trichloloethane
3,267
3,744
3,743
3,990
3,259
0
2
5
0
1
0
0.1
0.1
0
0.0
0.004    mg/L max
0.02      mg/L max
0.04      mg/L max
1           mg/L max
0.006    mg/L max
Trichloroethylene
Tetrachloroethylene
1,3-dichloropropene
Thiuram
4,234
4,248
3,043
2,472
18
22
0
0
0.4
0.5
0
0
0.03      mg/L max
0.01      mg/L max
0.002    mg/L max
0.006    mg/L max 
Simazine
Thiobencarb
Benzene
Selenium
2,628
2,539
3,524
2,698
0
0
0
1
0
0
0
0.0
0.003    mg/L max
0.02      mg/L max
0.01      mg/L max
0.01      mg/L max
Nitrate-nitrogen and nitrite-nitrogen 4,260 235 5.5 10         mg/L max
Fluorine
Boron
3,542
3,499
19
8
0.5
0.2
0.8        mg/L max
1           mg/L max
Total (number of wells) 4,955 387 7.8
Table 1 : Results of water quality measurement of groundwater in 2004 (general survey)
Source:  Reference[5]
Rate of 
excess Nitrate-nitrogen and               nitrite-nitrogen
Fluorine
Arsenic
Trichloroethylene
Tetrachloroethylene
19
89
19
90
19
91
19
92
19
93
19
94
19
95
19
96
19
97
19
98
19
99
20
00
20
01
20
02
20
03
20
04
(Year of survey)
Figure 3 : Changes in the rate of excess above 
 environmental criteria
Note 1:  Surveyed wells in the general survey differ by year 
of survey, which means that the same wells were not 
surveyed every year.
Note 2:  The environmental criteria for groundwater pollution 
were established in 1997. Until then, the criteria were 
only used as the bases of evaluation. (The evaluation 
criterion for arsenic was changed from “0.05 mg/L 
max” to “0.01 mg/L max” in 1993.)
Note 3:  Nitrate-nitrogen, nitrite-nitrogen, fluorine, and boron 
were added to the environmental criteria in 1999.
Source: Reference[5]
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animals totaled 227 (16.2%), while fertilization 
was responsible for 554 cases (39.6%). While 
there are diverse causes of nitrate-nitrogen and 
nitrite-nitrogen pollution, fertilization is the most 
common identified cause. It is also found that the 
number of unknown causes in the same survey 
was 792 (56.7%). Some of the regions polluted 
due to unknown causes are urban districts and 
it appears that these areas may still be suffering 
from residual effects of the land’s agricultural 
past.
The treatment of wastewater from households 
is being promoted through improvement of 
wastewater treatment facilities including sewage 
systems, changeover from individual sewage 
treatment tanks to integrated sewage treatment 
tanks, and improvement of drainage systems; 
consequently, the dissemination ratio of water 
purification expressed by population is rising 
(Figure 4). For excretory substances from farm 
animals, measures such as the elimination of 
inadequate outdoor piling and unlined piling 
are being implemented. In November 2004, the 
“Law on Livestock Excreta Management and 
Recycling (Livestock Excreta Law)[9]” came into 
full force, requiring operators of livestock farms 
over a specified size to adequately treat excretory 
substances from farm animals (in order to comply 
with control standards). Therefore, inadequate 
treatment such as outdoor piling has disappeared.
3      Effects of excessive
       fertilization in agriculture
3-1    Elements required for agricultural
         products
Agricultural products grow by taking in 
carbon, hydrogen, oxygen, nitrogen, phosphorus, 
and potassium. Among these elements, carbon, 
hydrogen, and oxygen are derived from carbon 
dioxide in air and water.
Nit rogen i s  an element that  i s  a  major  
constituent of organic substances such as protein 
and nucleic acid; when nitrogen is lacking, the 
color of leaves fades and normal plant height is 
not attained. Phosphorus is a vital element for the 
synthesis of nucleic acid, which is a biochemical 
macromolecule existing in the cells of organisms 
and conveys genetic information, and substances 
involved in intracellular energy transfer such as 
ATP*2. Deficiency of phosphorus will adversely 
affect flowering, fructification, and the growth 
of leaves and stems. Potassium is necessary 
for the growth of roots and stems; deficiency 
of potassium disturbs the growth of roots. As 
Table 2 : Causes for pollution of groundwater by nitrate-nitrogen and nitrite-nitrogen
Cause of 
pollution
Plant or 
business 
institution
Waste 
materials
Wastewater 
from 
households
Excretory 
substances 
of livestock
Fertilization
Natural 
generation
Others Unknown Total 
No. of 
nonconforming 
cases
0 0 217 227 554 5 6 792 1398
Percentage of 
nonconforming 
cases (%)
0.0% 0.0% 15.5% 16.2% 39.6% 0.4% 0.4% 56.7% —
Prepared by the STFC based on Reference[8]
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Figure 4 : Changes in the dissemination rate of
 water purification by population 
Source: Reference[5] 
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has been described, nitrogen, phosphorus, 
and potassium, which are absorbed from the 
soil, are essential components in the growth of 
agricultural products. Harvesting of agricultural 
products depletes the nitrogen, phosphorus, and 
potassium contained in the soil, necessitating 
replenishment of the soil with the three major 
nutrients that have been consumed. Therefore, 
fer ti l ization is essentia l to the growing of 
agricultural products, and, in Japan, crop yields 
have been increased to a remarkable degree 
through ever-increasing application of chemical 
fertilizers.
3-2    Excessive fertilization and its effects
Although fer t i l izat ion should be carr ied 
out to the extent that agricultural products 
require, the reality is that excessive quantities 
of chemical fer t i l izers have been appl ied. 
According to “Administrative Control Concerning 
Envi ronmenta l  Conser vat ion Measures in 
Agriculture,” published by the then Management 
and Coordination Agency in 1994, quantities of 
fertilizer in excess of the fertilization standard*3 
were applied at 50% of the investigation sites (328 
out of 656) in FY1990[10].
One  of  the  rea sons  for  th i s  exces s ive  
fertilization is farmers’ belief that more fertilizer 
leads to bigger harvests.
However, fertilization in excess of adequate 
amounts can cause significant adverse effects 
on groundwater and agricultural products. 
Figure 5 shows the effects of nitrogen fertilizers 
on groundwater and agricultural products. 
The picture on the left shows a case where the 
appropriate amount of fertilizer has been applied 
in the vicinity of the root; the picture on the 
right shows a case where excessive amounts of 
fertilizer have been applied more widely.
(1) Effects on groundwater
Because the clay minerals in soil and corrosive 
substances are negatively charged, components of 
fertilizers with a positive charge are electrically 
retained in the soil and will not be easily washed 
away by rain.
Phosphorus ferti l izer is taken into plants 
in the form of  phosphor ic ions.  Because 
phosphoric ions are negatively charged, they 
are not retained by the soil particles that are 
negatively charged; phosphoric ions combine 
with aluminum, iron, and calcium in the soil 
to form compounds that are barely soluble and 
are retained in the soil. Thus, phosphorus is 
less likely to leach into groundwater. Potassium 
ferti l izer is taken into plants as potassium 
ions. Potassium also is less l ikely to leach 
into groundwater because potassium ions are 
positively charged and are retained by the soil 
particles. However, nitrogen fertilizers tend to 
leach into groundwater. Nitrogen fertilizer is 
taken into plants as ammonium irons or nitrate 
ions. (While some agricultural products tend 
to absorb ammoniac nitrogen and others tend 
to absorb nitrate -nitrogen, more products are 
nitrate -philic.) Ammonium irons are retained 
by soil particles because they are positively 
charged. However, in fields where oxygen is 
in sufficient supply, nitrogen fertilizers and 
inorgan ic ammonia der ived f rom organ ic 
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products 
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fertilization
Nitrogen
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Localized 
fertilization Remaining 
nitrogen
Groundwater
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Figure 5 : Effects of nitrogen fertilizers
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materials are oxidized by nitrification bacteria 
in the soil and converted into nitrate ions (NO3 -) 
through nitrite ions (NO2 -) (nitrification). By this 
process, particularly in fields, nitrogen fertilizers 
that are not absorbed by agricultural products 
are converted into negatively charged nitrate 
ions, which dissolve in rainwater and leach into 
groundwater, causing nitrate-nitrogen pollution.
(2) Effects on agricultural products
If excessive quantities of nitrogen fertilizer are 
applied, certain kinds of products, particularly 
vegetables, will absorb excessive amounts of 
nitrate ions, which accumulate in the leaves as 
nitrate.
Nitrates conta ined in vegetables do not 
immediately compromise human health when 
normal quant it ies are ingested. However, 
it has been pointed out[11, 12] that, as in the 
case of nitrate -nitrogen and nitrite -nitrogen 
in groundwater, the nitrites, when reduced 
to n itr ites in the human body, may cause 
methemoglobinemia and generation of the 
carcinogenic substances, nitroso compounds*4.
4      Technologies for reducing
       the environmental burden
       and increasing safety and
       security of foods
To achieve envi ronmenta l harmony and 
safety and security of foods from agricultural 
production activities while maintaining high 
crop yields and high product quality it is essential 
to apply adequate amounts of fertilizers based 
on the nutrient absorption characteristics of 
agricultural products. That is, only the required 
amounts of fertilizers must be applied according 
to the kinds of products and the stage of growth 
when and where the application is required.
Figure 6 shows the optimal fer t i l izat ion 
sequence. First, prior to the start of cultivation, 
the content of nitrogen in soil is measured 
and the amounts of fertilizers to be applied 
are decided. When deciding the quantity, it is 
necessary to consider two aspects: groundwater 
pol lut ion caused by n it rate - n it rogen and 
n it r i te - n it rogen ;  and prevent ion of  h igh 
accumulation of nitrates in agricultural products. 
In the period between the start of cultivation 
and harvesting, localized fertilization should 
be conducted and ferti l izers that cause less 
nitrate ion leaching into groundwater should be 
used. Multi - cultivation*5 is an effective means 
of preventing leaching of ferti l izers. In the 
process of cultivation, it is desirable to conduct 
a nutritional diagnosis in order to determine the 
nutritional conditions of the products and to feed 
back the difference from optimum conditions to 
fertilization design. It is also necessary to develop 
a technology to recover nitrogen remaining in the 
soil after harvesting, so that leaching of nitrogen 
into groundwater is prevented.
The fol lowing are required technologies 
and subjects to be studied for each stage of 
cultivation.
4-1    Soil diagnosis and determination of
         fertilizer amounts
The amount of nitrogen remaining in the soil 
varies significantly according to the type of soil 
and the nature of previous cultivation. It also 
depends on the drainage of water, even within 
the same farm field. The amount of fertilizer 
to be applied in each section of a farm field 
must be decided by subtracting the amount of 
(i) Soil diagnosis
(ii) Determination of
 the quantities of
 fertilizers
Cultiva
-tion
Localized 
fertilization 
+
(iii) Fertilizers causing 
less nitrate 
ion leaching
(iv) Nutrient
diagnosis
Harves
-ting
(v) Prevention of 
leaching of 
remaining nitrogen
Fertilization standards
Figure 6 : Sequence of fertilization
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remaining nitrogen from the amount that the 
product actually requires. To this end, each 
farmer should diagnose the remaining nitrogen 
(by simple soil diagnosis) prior to the start of 
cultivation, and determine the necessary amount 
of fertilizer based on the fertilization standards 
established for each agricultural product. To 
prepare a more precise fertilization plan, it is 
desirable to periodically conduct diagnoses 
(periodic soil diagnosis, at intervals of about five 
years) on items that are difficult to be measured 
by simple soil diagnosis, such as organic contents, 
mineralized ratio, base contents, and heavy metal 
contents, so that the amount of fertilizer can be 
decided taking into consideration the amount of 
nitrogen mineralized from the organic matter in 
the soil.
Currently, simple soil diagnosis is carried out 
by measuring the electrical conductivity (EC) 
of soil that is related to the nitrate -nitrogen 
concentration, or by directly measuring the 
nitrate ion concentration in the soil. However, 
the instruments used are not equipped with a 
function that directly calculates the amount of 
fertilizer from the measurement results. To make 
fertilization design based on simple diagnosis 
more practical, (a) software must be developed 
that enables calculation of the required amount 
of ferti l izer in respect of different kinds of 
agricultural products and types of fertilizers; (b) 
simple measuring instruments equipped with a 
function to measure the remaining nitrogen and 
a function to calculate the necessary amount of 
fertilizer must be developed; and (c) the cost of 
simple measuring equipment must be reduced.
At present, periodic soil diagnosis is carried 
out by the National Federation of Agricultural 
C o op e r a t i ve  A s s o c i a t i o n s  ( JA)  a nd  t he  
Agricultural Improvement and Extension Center 
of each prefectural government. However, 
diagnosis facil ities should be improved and 
increased in number so that periodic diagnosis 
becomes more widespread and more farmers can 
more easily use the facilities.
The National Agricultural Research Center 
of the National Agriculture and Food Research 
Organization is planning to develop a very 
useful simulation model that provides effective 
in format ion for fer t i l i zat ion design. Th is 
simulation model will predict and evaluate the 
amount of nitrate -nitrogen eluted from the 
applied fertilizers based on local conditions 
(meteorological and soil conditions), and will 
suggest the optimum fertilization design and 
combination of products for a specific area.
Or ig ina l ly,  fer t i l i zat ion standards were 
established with the aim of increasing crop 
yields; however, the “Code for Agricultural 
Practice in Harmony with the Environment 
(Agricultural Environment Code),”[13] established 
in 2005, provided a guideline for reviewing 
past fertilization standards[14] and prefectural 
governments are now implementing such 
reviews. The guideline adopts reduction of 
the environmental burden as an important 
perspective for the reviews. In the process of 
reviewing standards, it is desirable to investigate 
from the viewpoint of safety and security of 
foodstuffs, such as prevention of accumulation of 
nitrates in agricultural products.
4-2    Development of fertilizers that reduce
         environmental burden
(1) Chemical fertilizers
Most chemical fertilizers are water- soluble, 
which provides a rapid fer t i l i z ing ef fect.  
Therefore, they are transferred to lower layers of 
the soil by rain and watering before the products 
grow sufficiently, with the result that nutrients 
are likely to be deficient at the height of growth. 
To suppress leaching of chemical fertilizers into 
groundwater and prevent excessive enrichment 
and uneven distribution of soil nutrients, it is 
necessary to increase the absorption factor 
(rate of utilization) of individual agricultural 
products. To this end, effect-controlled fertilizers 
as described below have been developed. In this 
type of fertilizer, elution of nutrients is controlled 
according to the amounts of nutrients required 
by the product. Since the nutrient absorption 
characteristics of vegetables vary significantly 
according to type, it is also necessary to develop 
enhanced databases for this purpose.
(i) Coated nitrogen fertilizer
The sur faces of water - soluble fer t i l i zer 
particles (mainly urea fertilizer) are coated with 
low-permeability fi lm to control the rate of 
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elution. Water vapor that has penetrated through 
the coating generates a saturated solution of 
fertilizer in the particle. Because the internal 
vapor pressure is lower than the external vapor 
pressure, water vapor continues to penetrate 
until the internal pressure reaches a certain 
value. Once the internal pressure exceeds the 
prescribed value, the fine holes of the coating 
expand and urea is pushed outward.
Currently, various types of coated nitrogen 
fer t i l i zer  with d i f ferent elut ion pat terns 
are avai lable on the market. By combining 
multiple types of coated nitrogen fertilizers, it 
is possible to match the elution pattern to the 
nutrition absorption characteristics of individual 
agr icu ltura l products. However, optimum 
combination ratios for individual agricultural 
product s  have  not  yet  been su f f ic ient ly  
established. In addition, coating films that do 
not remain in the soil must be developed in due 
course.
To reduce the time difference between elution 
of nutrients and absorption by the products, 
the National Agr icultural Research Center 
for Tohoku Region and other institutes are 
conducting research on root- sensitive coated 
fertilizer[15], which makes use of the fact that 
roots significantly change the pH of surrounding 
soil.
(ii)  Chemical ly synthesized delayed release 
nitrogen fertilizer
Generally, fertilizers with low water solubility 
and speed of mineral ization in the soi l are 
selected as delayed - release fertilizers. Urea, 
which is relatively inexpensive and has a high 
nitrogen content, is commonly used as the raw 
material.
(iii) Nitrogen fertilizer provided with nitrification 
inhibitor
Applied ammonium-nitrogen fertilizers are 
rapidly converted to nitrate -nitrogen through 
nitrous acid by nitri f ication reaction in the 
field. Nitrification inhibitors, which react with 
nitrification bacteria in the soil, are used to 
suppress the reaction. By suppressing oxidation, 
the nitrogen component is retained in the soil, 
which enables maintenance of the fertilization 
effect.
Table 3 shows the s tatus of  use of  the 
above -mentioned effect- controlled fertilizers. 
It can be seen that the usage rate for these 
fertilizers is very low. The reason for this is 
that the price of effect- controlled fertilizers 
is about 1.6 times higher than that of normal 
chemical fertilizers. (The final cost is 1.3 times 
higher even though the amount of fertilizer to 
be applied is reduced by 20%.)[10] It is absolutely 
crucial to reduce the cost for dissemination of 
effect-controlled fertilizers.
(2)  Organic fertilizers (organic matter
 fertilizers and manure compost)
Because organic matter such as oil cake and 
manure compost decomposes slowly in the soil, 
the components do not leach into groundwater 
in high volume in the year when the fertilizers 
are applied. However, when such fertilizers are 
applied successively, undecomposed organics 
accumulate in the soi l and the amounts of 
Table 3 : Status of the use of effect-controlled fertilizers (as of 1998)
(i) Coated nitrogen fertilizer (%)
(ii) Chemically synthesized 
delayed release fertilizer (%)
(iii) Nitrogen fertilizer provided 
with nitrification inhibitor (%)
Garden-grown vegetables 2.3 3.7 0.6 
Facility-grown vegetables 3.7 4.0 0.4 
Garden-grown fruits 1.2 0.8 0.2 
Facility-grown fruits 1.3 0.3 0.0 
Garden-grown flowers 3.1 4.1 0.5 
Facility-grown flowers 3.9 5.6 0.2 
Field crops 0.7 0.8 0.3 
Paddy-grown rice 10.1 1.2 0.2
Prepared by the STFC based on Reference[10]
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decomposed products increase year by year. 
Therefore, it must be noted that elution will 
increase if application of the same amounts 
of ferti l izer based on f lawed assessment is 
continued.
As a result of the rapid expansion of the scale 
of livestock farms, the total amount of manure 
derived from farm animals has reached about 
90million tons/year[16], and it is important to 
effectively utilize (recycle to farmland) such 
manure, which contains a large amount of 
nitrogen. It is theoretically possible to recycle 
all livestock manure back into farmland because 
the total amount of nitrogen required by the 
agricultural production activities exceeds the 
total amount of nitrogen contained in livestock 
manure[17]. However, the balance between the 
volume of livestock manure generated and the 
volume of nitrogen that can be accommodated by 
farmland differs from region to region. In regions 
where the livestock industry f lourishes, such 
as southern Kyushu, it is difficult for farmland 
to accommodate all the manure generated in 
the region. Therefore, the livestock manure 
generated in large volumes in regions where the 
livestock industry flourishes must be converted 
into compost that can be easily transported, so 
that it can be widely utilized in other regions. 
Component- controlled compost is currently 
under development[18, 19].
The present form of livestock compost suffers 
from various problems such as f luctuations 
in quality, imbalance of nutrition ingredients, 
f luctuations in ferti l ization eff iciency, and 
a  s low decompos it ion r ate  that  leads  to  
stagnation of growth at the initial stage of 
cu lt ivat ion. Issues to be addressed in the 
future include: (a) development of a method 
of rapid ferti l ization effect assessment; (b) 
development of component-controlled composts 
with balanced nutrients matched to individual 
agr icultura l products ; (c) development of 
component- controlled compost for each item 
with good handl ing performance; (d) cost 
reduction; and (e) establishment of stable supply 
and distribution systems.
(3) Utilization of nitrogen-fixing bacteria
Leguminous plants, including soybeans, fix the 
nitrogen in the air using microorganisms. This 
enables reduction of the application of nitrogen 
fertilizers. Nitrogen fixation by soybeans can be 
increased by controlling the moisture in the soil. 
Furthermore, it has been clarified that nitrogen 
is f ixed by bacteria l iving in plants such as 
sugarcane and sweet potato[20].
By proactively uti l izing microorganisms, 
the amount of  n it rogen fer t i l i zer  can be 
reduced. Research on ef fective uti l ization 
of microorganisms is being carr ied out by 
the National Agricultural Research Center of 
the National Agriculture and Food Research 
Organization.
4-3    Nutritional diagnosis of agricultural
         products
Down through history, farmers ski l led in 
cultivation have learned how to apply the 
necessary amount of nitrogen to agricultural 
produc t s  a t  the  requ i red  t i me,  th roug h 
comprehensive observation of the color of 
leaves, thickness of stems, and conditions of 
growing points. This ability to judge appropriate 
quantities and timing means that non-productive 
fertilization can be avoided. Nutritional diagnosis 
based on scientific data replaces the judgment of 
skilled farmers. Currently, leaf color measurement 
and nitrate ion concentration measurement, 
which directly measures the nitrate -nitrogen 
concentration in the plant (using liquid squeezed 
from the product), are used for such diagnosis. 
The problem is that instruments used for these 
measurements are not equipped with a function 
that readily calculates the amounts of fertilizer to 
be added by using the measured results of each 
product.
Issues to be addressed in the future include: 
(a) development of sof tware that enables 
calculation of the amounts of required fertilizer 
based on the results of nutritional diagnosis 
of each product; (b) development of a simple 
measuring instrument that integrates a nutritional 
diagnosis function and a fertilization calculation 
function; and (c) cost reduction of the simple 
measuring equipment. It is also necessary to 
carry out research into the relationship between 
the nutritional conditions of products and their 
sensitivity to disease damage.
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4-4    Technology to recover remaining nitrogen
After agricultural products are harvested, the 
remaining nitrogen in the soil that has not been 
absorbed by the products is carried by rain into 
groundwater as nitrate -nitrogen. A technology 
to recover the remaining nitrogen is being 
developed, in which cover crops*6 are grown 
during catch cropping, or the fallow period, to 
absorb the remaining nitrogen and recycle it to 
the next cultivation.
Research is being carried out[21] on a method 
to reduce elution, in which organic matter 
with a relatively high value of C/N ratio*7, such 
as residual tea, would be rotated in the fields 
following vegetable harvests in order to organize 
the inorganic nitrogen in the soil through the 
proliferation of microorganisms.
5      Regulation introduction policy
       of the EU and Japan’s Policy
Some overseas  countr ies  have pol ic ies  
stipulating that fertilization should be regulated 
in order to overcome the problems caused by 
excessive nitrogen fertilization. This section 
describes the policies adopted by the EU and 
Japan. Ahead of al l other countries, the EU 
adopted the regulation on ferti l ization, and 
established criteria for nitrate concentration in 
agricultural products.
5-1    Measures taken by EU
The EU has a high rate of dependency on 
groundwater as a source of drinking water. 
Furthermore, the large number of transnational 
r ivers means that the problem of n itrates 
derived from agriculture is not simply one faced 
by individual countries, but rather a regional 
issue. For this reason, aiming at reduction and 
prevention of pollution and nutrient enrichment 
of surface water and groundwater due to nitrates 
derived from agriculture, the EU in 1991 issued 
“Council Directive 91/676/EEC Concerning 
Protection of Waters Against Pollution Caused 
by Nitrates from Agricultural Resources (Nitrate 
Directive)[22],” and all member countries are 
taking measures to reduce such emissions.
Table 4 shows an out l ine of the Nitrate 
Directive. In the Directive, legal regulations 
on nitrogen fertilization are applied to regions 
where pollution is severe and Good Agricultural 
Practice, under which fertilization standards 
are established, is applied to other regions. To 
promote the prevention of excessive fertilization, 
an economic incentive provides subsidies to 
farmers who participate in projects aimed at 
reducing levels of environmental burden below 
the standards prescribed in Good Agricultural 
Practice.
Measures to prevent high accumulation of 
nitrates in vegetables due to excessive fertilization 
are also being implemented by the EU.
Table 4 : Outline of Nitrate Directive
(i)    Member countries are required to establish domestic laws that put the Nitrate Directive into effect.
(ii)    Monitoring of the estimation of nitrate concentration and nutrient enrichment across the country must be conducted and water 
areas with problems must be designated as Nitrate Vulnerable Zones.
(iii)    To suppress nitrate emissions in the Vulnerable Zones, farmers must comply with the following items as obligations according to 
the action plans established by their governments:
       a) Use of fertilizers and manure is prohibited during the winter season when crops are not cultivated. 
       b) Improvement of facilities to store livestock excreta during the winter season. 
       c) Use of fertilizers and manure is prohibited for soil on steep-sided lands and marshy areas. 
       d) Scientific fertilization standards must be observed based on the nitrogen required by crops and the natural nitrogen supply. 
       e) Soil shading period with crops must be maintained by crop rotation. 
       f)  Rearing density must be controlled so that the nitrogen generated by livestock excreta is kept at 170 kg/ha or less (after 
December 21, 2002). 
(iv)  The results of implementation of the Nitrate Directive must be reported every four years.
(v)    Farmers outside the Nitrate Vulnerable Zones are required to observe Good Agricultural Practice which is stipulated by the 
government, on a voluntary basis. 
Prepared by the STFC based on Reference[10] 
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In 1995, the Joint FAO/WHO Expert Committee 
on Food Additives ( JECFA) set the acceptable 
daily intake (ADI) of nitrates (sodium nitrate) 
at 5 mg/kg weight[23]. Because vegetables are 
the major source of nitrates in the EU, nitrate 
contents in vegetables have been regulated 
since 1997 by the establishment of standards for 
vegetables. A standard value (200 mg NO3/kg) 
was also set for baby foods and cereals. Member 
countries are required to implement annual 
monitoring surveys and report the results to the 
EU Commission.
5-2    Measures taken in Japan
In Japan, as a result of the rapid economic 
g r ow t h  t h a t  s t a r t e d  a r o u n d  19 6 0 ,  t h e  
environment deteriorated due to emissions 
from mining and manufacturing industries. 
However, various environmental regulations were 
implemented around 1970 and environmental 
pollution was diminished. On the other hand, 
the issue of n itrate - n itrogen emerged due 
to inadequate control of wastewater from 
households and livestock excreta, and excessive 
appl icat ion of n itrogen fer t i l izers to soi l.  
Regarding wastewater from households, measures 
have been taken to improve wastewater treatment 
faci l ities, including sewage systems. As for 
livestock excreta, the “Law on Livestock Excreta 
Management and Recycling (Livestock Excreta 
Law)” came into full force in November 2004.
Although the legal regulations on excessive 
fertilization of nitrogen fertilizers such as EU 
Nitrate Directive have not been established in 
Japan, an economic incentive was introduced. In 
1999, the “Law for Promoting the Introduction 
of Sustainable Agricultural Production Practices 
( Su s t a i n ab le  A g r ic u l t u r a l  L aw) [ 24 ]”  wa s  
established. This legislation provides farmers 
(Ecofarmers) who make efforts to reduce their 
use of chemical fertilizers (soil preparation using 
compost and reduction of the use of synthesized 
agricultural chemicals) with special benefits in 
the areas of finance and taxation. In March 2005, 
the “Code for Agricultural Practice in Harmony 
with the Environment (Agricultural Environment 
Code)” was established. This standard is designed 
to encourage farmers to voluntarily review their 
activities in relation to harmonization with the 
environment and to improve their activities 
where appropriate. Items to be checked include 
whether or not the fer ti l ization standards, 
which are guidelines (with no legal strictures) 
prepared by each local government, are observed. 
Guidance for reviewing the fertilization standards 
is also included. This requires that fertilization 
standards be reviewed based not only on past 
crop yield result but also on the objective of 
reducing the environmental burden. Subsidies 
provided by the Ministry of Agriculture, Forestry 
and Fisher ies are awarded to farmers who 
practice the Agricultural Environmental Standard. 
In October 2005, a framework of “Measures 
for Improving Agricultural Lands, Water, and 
Environmental Conservation[25]” was announced 
as part of the Outline of Measures for Stabilization 
of Business Income. According to this framework, 
when advanced projects, such as one aimed 
at reducing environmental burdens through 
signif icant quantitative reduction in use of 
chemical fertilizers and synthesized agricultural 
chemicals, are carried out collaboratively in 
a respectable size in the region, new types of 
subsidies will be provided from FY2007.
Regarding nitrates in vegetables, the National 
Institute of Vegetable and Tea Science, part of 
the National Agriculture and Food Research 
Organizat ion, is carr ying out research on 
“E lucidat ion of the Mechanism of Nitrate 
Accumulation in Vegetables and Development 
of Reduction Technology[11]” as one of the 
projects aimed at developing more sophisticated 
agriculture, forestry, and fishery technologies. 
Howe ve r,  d ome s t i c  c r i t e r i a  fo r  n i t r a t e  
concentration in vegetables have not yet been 
established because sufficient medical data are 
not available. (There are no data on how much of 
the nitrate in vegetables is taken in by humans).
Table 5 shows the comparison of nitrate 
contents in major domestic vegetables with EU 
standards (as of November 2005)[26].
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6      Raising awareness of
       excessive fertilization
To promote reduction of excessive application 
of nitrogen fertilizers, it is important to raise 
farmers’ awareness of the issue.
According to the results of a questionnaire 
survey of local governments on groundwater 
pollution due to nitrate -nitrogen, carried out 
by the Ministry of the Environment in 2003[27], 
180 areas administered by 62 local governments 
were thought to require some measures to solve 
groundwater pollution problems. However, 
as many as 80% of the 62 local governments 
are not engaged in educational activities for 
res idents,  wh ich means that  appropr iate 
measures to promote awareness of environmental 
conservation are not being implemented. The 
first priority is to proactively publicize the 
facts about nitrate pollution so that the current 
situation is widely recognized. It would also be 
effective to proactively transmit information on 
practical methods of reducing fertilizer quantities 
while maintaining crop yields at present levels, 
together with data and figures on cost- saving 
through reduction of fertilization.
Motivation to adopt adequate fertilization will 
be enhanced if actual effects on the reduction 
of the environmental burden are demonstrated 
to farmers using the simulation described in 4-1, 
which describes optimum fertilization methods 
and crop combination for individual areas.
Conveying information on nitrates in vegetables 
to farmers and consumers in a positive manner 
would also contr ibute to the promotion of 
awareness of adequate fertilization.
7      Conclusion
Among the environmenta l standards for 
groundwater, the least satisfactory achievement 
r a tes  a re  those  for  n i t r a te - n i t rogen and 
nitrite-nitrogen, and there has been no sign of a 
trend toward improvement over the past several 
years. One of the major reasons for this situation 
is excessive application of nitrogen fertilizers 
in the agricultural production activities. The 
Third Science and Technology Basic Plan lists 
reduction of the environmental burden caused 
by excessive application of nitrogen fertilizers 
in the agricultural production activities as one 
Table 5 : Nitrate contents in major domestic vegetables and comparison with EU standards
Item
Data of Ministry of Health, 
labour and Welfare
Reference
UK Data (1999 to 2000) EU standard
Spinach 3560 ± 552(6)
November to December  2180 - 2560(2) 
                                         [Average 2370]
October to March       3000
Salad spinach 189 ± 233(6)
April to October               25 - 3910(21) 
                                         [Average 1487]
April to September     2500 
Head lettuce 634 ± 143(3)
Facility-grown 
April to September           937 - 3740(18)
                                         [Average 2247] 
October to March             1040 - 4425(19)
                                         [Average 3158] 
Garden-grown 
April                                  775 - 1461(2)
                                         [Average 1118] 
May to August                  244 - 3073(26)
                                         [Average 1045] 
September                       308 - 2119(17)
                                         [Average 1090] 
October to December      670 - 3000 [Average 1348] 
Facility-grown
April to September     3500
October to March       4500
Garden-grown 
April to September     2500
October to March       4000
Sunny lettuce 1230 ± 153(3)
Facility-grown            2500
Garden-grown           2000Butter lettuce 5360 ± 571(3)
Garland 
chrysanthemum
4410 ± 1450 — —
Tatuai 5670 ± 1270 — —
Ging-geng-cai 3150 ± 1760 — —
Note 1: Values in ( ) in the data column show the number of analyses.
Note 2: Facility-grown = cultivated in a greenhouse; Garden-grown = cultivated outdoors.  Source: Reference[26]
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of the important research and development 
subjects for adequate water control technology 
in the agricultural and forestry production 
activities. Not only from the perspective of 
groundwater pollution but also from that of safety 
and security of agricultural products, excessive 
fertilization must be addressed because it causes 
accumulation of nitrates in agricultural products, 
particularly vegetables.
In order to ensure reduction of environmental 
burden and safety and security of food while 
maintaining high crop yields and high product 
quality, it is necessary to develop awareness 
of adequate fertilization among farmers and 
consumers, and to promote adequate fertilization 
practices that match the nutrient absorption 
characteristics of particular crops. Specifically, 
the following items must be implemented:
(i)  Establishment of fertilization standards that 
take both environmental conservation and 
food safety into consideration
T he fe r t i l i z a t ion  s t a nda rds ,  or ig i na l l y  
established with the primary aim of increasing 
the crop yields, contain no legal strictures. 
They are currently being reviewed by local 
governments with a v iew to reducing the 
env i ron ment a l  bu rden  on  g rou ndwate r.  
However, another viewpoint must be taken into 
consideration, namely, ensuring the safety and 
security of food by preventing high accumulation 
of nitrates.
(ii)  Development of simple measuring equipment 
for use in fertilization design based on soil 
and crop diagnoses
In order to implement adequate fertilization 
based on fer t i l i zat ion standards a imed at 
environmental conservation and safety and 
security of food, it is necessary to develop simple, 
low- cost measuring equipment that enables 
easy measurement of nitrogen remaining in 
the soil prior to the start of cultivation, so that 
adequate fertilization according to the crop and 
type of fertilizer is immediately known. It is also 
necessary to enhance the system for periodic 
diagnosis.
A further requirement is the research and 
development of a simple, low-cost measuring 
instrument equipped with both a function to 
measure the nutrition conditions of a particular 
crop and a function to calculate the appropriate 
amount of fertilizer.
(iii) Development of fer t i l izers that enable 
reduction of environmental burden
Chemical ferti l izers that al low control of 
elution speed according to the nutr it ional 
requirements of crops are the most effective type 
for reducing environmental burden. Because the 
nutrient-absorbing characteristics of vegetables 
vary significantly by plant species, databases for 
this purpose must be enhanced and various types 
of effect-controlled fertilizers must be developed 
to suit di f ferent vegetables with di f ferent 
characteristics. A vital factor in realizing effective 
dissemination of environmental burden-reducing 
fertilizers is making them more affordable.
Rega rd i ng  orga n ic  fe r t i l i ze r s  (ma nu re  
compost), it is important to establish a system 
for recycling farm-generated livestock excreta, 
which is high in nitrogen content, back onto 
farmland in the form of compost. Currently, 
methods for rapid fertilizer effect assessment 
and composition-controlled composts are under 
development. To promote utilization of manure 
composts, quality should be represented based 
on fertilizer effect assessment, while diversified 
types of composition-controlled composts that 
are easy to handle and meet the nutritional needs 
of a wide variety of agricultural products must be 
developed. Needless to say, such composts must 
be affordably priced.
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Glossary and notes
*1 Epidemiologic investigation conducted 
by  Wa l ton  showed that  the  l i m i t  o f  
n i t r a te  content  that  does  not  cause  
methemoglobinemia to a nursing infant 
within three months after birth is 50 mg/L 
(10 mg/L as nitrate-nitrogen) (1951).
*2 ATP : Abbreviation for adenosine triphosphate. 
ATP readily dissolves in water and is a very 
unstable substance. The chemical energy 
released through hydrolysis is used as the 
energy source for synthesis of nucleic acids 
and substance metabolism.
*3 Fertilization Standard : Guidelines to instruct 
fa rmers in fer t i l i zat ion,  prepared by 
i n d i v i d u a l  l o c a l  gove r n m e nt s .  T h e  
fertilization standards describe necessary 
quantities of nutrients for obtaining target 
harvests to be applied at the beginning of 
cultivation of major agricultural products. 
A f ter  i n i t i a l  ha r ves t i ng ,  subsequent  
fertilization must take into account the 
amounts of nutrients remaining in the soil.
*4 I n  W e s t  G e r m a n y ,  1 5  c a s e s  o f  
m e t h e m o g l o b i n e m i a  c a u s e d  b y  
nitrate-nitrogen contained in spinach were 
reported over a period of seven years from 
1959. In Japan, 458 cases of intoxication of 
ruminant animals including cattle (128 died) 
caused by nitrate -nitrogen contained in 
feedstuff were reported over a period of six 
years from 1965, although no human cases 
have been reported.
    W h i le  there  i s  no  c lea r  ev idence  
to indicate the relat ionsh ip between 
c a r c i n o g e n e s i s  a n d  i n g e s t i o n  o f  
nitrate-nitrogen, reduced nitrite-nitrogen is 
suspected to generate nitroso compounds. It 
has been reported that nitroso compounds 
have caused carcinogenesis in animal 
experiments.
    To date, toxicity assessment of nitrates 
has been conducted primarily in relation 
to food additives; no assessment has been 
carried out for nitrate-nitrogen contained in 
vegetables[12].
*5 Multi-cultivation : A method of cultivation 
in which the soil surface is covered with 
paper sheets or plastic film. This method 
is effective in controlling soil temperature, 
preventing the evaporation of soil water, 
and suppressing the growth of weeds, as 
well as preventing leaching of fertilizer 
components ,  because percolat ion of  
rainwater through the soil is curbed.
*6 Cover crop : Also called “cleaning crop.” 
Leguminous or gramineous plants cultivated 
for soil conservation during the period when 
crops are not cultivated. Objectives are to 
prevent soil erosion, improve chemical and 
physical properties of the soil, and replenish 
organic matter.
*7 C/V ratio : Percentage of carbon (C) and 
nitrogen (N) contained in organic matter 
and also called “carbon -nitrogen ratio.” 
When the C/N ratio is lower than about 
20, nitrogen is released through organic 
decomposition (mineralization); and, when 
the ratio is higher, nitrogen is taken in by 
microorganisms (organization).
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3
Use of Science and Technology for Tangible Cultural Property
YOSHIKA YAMAMOTO
Environment and Energy Research Unit
1 Introduction
Cultural properties inform today’s society 
of changes in past social structures created 
through the wisdom and creativity of human 
beings since time immemorial. They are assets 
shared by all humanity for use in the creation of 
contemporary and future cultural society. Down 
through the ages, they have been influenced by 
all kinds of factors, including natural conditions, 
before coming into our possession. Furthermore, 
they are precious; should they ever be lost, they 
cannot be recovered. It is the responsibility of 
today’s society to preserve this inheritance, to 
pass it on to future generations. The Agency for 
Cultural Affairs states that cultural properties 
are “an important national heritage born and 
fostered during Japan’s long history, protected 
and passed down to today’s generation. Cultural 
properties are essential for gaining an accurate 
understanding the history and culture of Japan, 
and also form the foundations for its future 
cultural growth and development”[1].
Regarding the Improving the public awareness 
of science and technology, Chapter 4 of the Third 
Science and Technology Basic Plan approved by 
the Cabinet in March 2006, “S&T to Be Supported 
by Society and the Public”, states, “We also need 
to implement new methods for the merging of 
S&T, culture, and the arts, so that society and 
the public may gain a deeper understanding and 
awareness of S&T”[2].
Furthermore, Part 1, Chapter 2, Section 3 of 
the White Paper on Science and Technology 
2006, “Science and Technology Contributing to 
Building a Spiritually Wealthy Society”, addresses 
“Science and Technology to Contr ibute to 
Preservation/Utilization of Cultural Heritage and 
Creation of Arts”[3].
Because the private sector cannot afford the 
costs of preserving cultural properties, it is a field 
that the national government must address.
The 2004 amendment to the Law for the 
Protection of Cultural Properties divided cultural 
properties into the six categories shown in Figure 
1, effective on April 1, 2005.
The essence of preserving cultural properties 
is to protect their value and pass them on to 
posterity. Recently, there has also emerged 
the viewpoint that efforts should be made to 
effectively use cultural properties and create 
new value from them. In other words, integrating 
Japan’s unique cultural properties with science 
and technology while generating new added 
value and preserving cultural properties of 
high historical value as a heritage for future 
generations is regarded as an important issue[4].
This article examines trends in the use of 
science and technology for the preservation 
and restoration of cultural properties, primarily 
those of tangible cultural properties. In order 
to preserve tangible cultural properties, it 
is necessary to utilize selected conservation 
techniques systems and other procedures 
for maintaining and transmitting traditional 
techn iques,  and to develop preser vat ion 
technology based on modern science. This 
report therefore looks at recent science and 
technology for the preservation, restoration, 
and utilization of cultural properties. It should 
be noted that there are currently two streams of 
technology for the preservation and restoration of 
tangible cultural properties: technologies for the 
conservation of cultural properties themselves by 
maintaining favorable environments that control 
deterioration; and technologies for preservation 
through the compilation of databases using 
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digital archives and other information technology. 
Obviously, both approaches are necessary for the 
preservation and restoration of tangible cultural 
properties.
Source: Reference[5]
Figure 1 : Schematic diagram of cultural properties
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2 Causes of deterioration of
 tangible cultural property
The idea at the center of preservation measures 
for tangible cultural properties is the control of 
deterioration through maintenance of favorable 
preservation environments. Everything on Earth 
is constantly degrading and changing in response 
to its environment. Thus, preservation measures 
for tangible cultural properties must somehow 
protect them from the effects of water, air, light, 
temperature, humidity, contaminants in the air, 
insects, mold, and other factors. Furthermore, 
Table 1 : Causes of deterioration affecting tangible cultural property
◎ Strong effect,  ○ Some effect Prepared by the STFC based on References[6, 7]
Major causes of deterioration
Major environmental factors
Air pollution Indoor pollution Animals
Interior and exterior stress on 
stone materials (stone and similar 
materials); salt weathering (damage 
from salt crystallization); air pollution; 
freezing damage; damage to 
stone materials from plant roots; 
proliferation of algae, mosses, 
and lichens; soil microorganisms; 
infestation with animals
◎ ○ ◎
Major causes are rust, and damage 
due to physical and structural defects
For bronze statues, etc., displayed 
outdoors, acid rain causes rust 
corrosion
◎ ○ ○ ○ ○
For outdoor wooden buildings and 
small cultural properties held in 
museums, damages by insects
◎ ◎ ◎
Damages by light, dust, vibration, 
indoor heating, and water are 
common and serious; sensitive to 
mold
◎ ◎ ○ ○ ○ ◎ ◎ ○ ◎ ◎
Caused by aging and defects of 
material used ○ ◎ ○ ○ ◎ ○ ○ ◎ ◎
Linen fabric fibers are resistant to 
alkalis and insects but weak against 
mold and acids
Fibers of dyed silk fabrics are weak 
against alkalis and insects but 
resistant to mold
◎ ◎ ◎ ○ ○ ○ ◎ ◎ ◎ ◎
Paper is damaged by dryness
Biological deterioration by insects 
and mold; chemical deterioration by 
acidic paper; physical deterioration 
by excessive dryness, tearing, 
scratching, and contamination
○ ◎ ○ ○ ○ ○ ○ ○ ◎ ◎
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responses to ozone, carbon dioxide, nitrogen 
oxides, sulfur oxides, dust, etc. are necessary[6].
In particular, outdoor cultural properties such 
as stone object, shrines and temple buildings 
are often subject to stone weathering and wood 
and paint deterioration due to changes in the 
natural environment, creating difficult conditions 
for preservation. This is not limited to Japan. In 
Europe, which is diligent in the preservation of 
cultural properties, acid rain damage is a serious 
problem. Currently, considerable progress is 
being made on assessment of the impact of 
natural environments on cultural properties, 
survey research on mitigation of such impacts, 
and the development of restoration technology. 
In addition, the impact of natural environments 
on cultural properties kept indoors, which 
is relatively lighter, has become much more 
noticeable in recent years.
Table 1 depicts causes of deterioration that 
affect tangible cultural properties. It is necessary 
to consider the degree of harm and the likelihood 
of occurrence of different causes of deterioration, 
assess their risks, and prioritize countermeasures.
3 Technologies for surveying,
 preserving, and restoring
 tangible cultural property
T he  pu r pose s  o f  su r vey  re sea rch  a nd  
preservation and restoration of tangible cultural 
properties can be broadly classified into two 
categories. The first purpose is assessment and 
confirmation of the scholarly value of cultural 
properties. In other words, experts confirm 
and elucidate the materials and methods and 
dates of creation of cultural properties in order 
to assess them. At the same time, this provides 
data that support research in related fields such 
as anthropology, archeology, art history, and 
architectural history. The second purpose is 
materials surveys and elucidation of deterioration 
mechanisms in order to aid preservation and 
restoration. Deterioration phenomena vary widely 
depending on the type of cultural property and 
the preservation environment. For example, in 
museum environments, temperature, humidity, 
light, and air are the primary factors, while 
groundwater and climate changes are important 
for ruins. Preservation measures against such 
causes of deterioration are an important issue in 
the conservation of cultural properties[8].
3-1 Survey methods for tangible cultural
 property
Scientif ic analysis identif ies how cultural 
properties were made, their structures and 
materials. For example, X-ray fluorescent analysis 
shows elemental composition qualitatively and 
quantitatively, and X-ray diffraction analysis can 
analyze crystal components. Table 2 summarizes 
the major structural and materials analysis 
technology methods used in surveys of tangible 
cultural properties. The following is a discussion 
of structural survey methods and materials 
analysis methods.
(1) Structural survey methods
St r uctu ra l  su r veys of  t ang ible cu ltu ra l  
proper t ies  genera l ly  use  nondest r uct ive  
testing methods. These do not damage cultural 
properties; instead, they use infrared rays, 
ultraviolet rays, X-rays, etc. to acquire images of 
aspects of cultural properties that are invisible to 
the naked eye without making contact with the 
subjects[9].
Optical methods using infrared rays, ultraviolet 
rays, X-rays, gamma rays, etc. are effective in 
revealing the internal structure of Buddhist 
statues, sketches underneath paintings, and other 
aspects that cannot be seen with the naked eye. 
Recently, infrared video cameras have been used 
to discern the writing on ancient wooden strips 
and documents whose India ink has faded, and to 
examine murals and paintings[8].
Major developments in structural survey 
methods occur red in the 1980s with the 
use of X - ray CT for structura l sur veys of 
three - dimensional cultural properties such 
as sculptures and archeological artifacts. In 
recent years, X-ray radiography using non-film 
imaging plates has also been employed. There 
is considerable use of comprehensive surveying 
that combines this method with f luorescence 
images that use visible light rather than ultraviolet 
rays for excitation, high-resolution color images, 
infrared images, etc.[9].
X-ray radiography in cultural property surveys 
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is a typical example[10].
X- rays provide a shorter wavelength light 
(electromagnetic waves) than ultraviolet rays, 
and have strong penetrating power. Besides 
ar t and craf t works such as paintings and 
sculptures, they are used to survey buildings and 
archeological artifacts. On film photographed 
with transmission X- rays, high - density areas 
Table 2 : Major analysis methods used to survey tangible cultural property
Purpose Method Target of observation Example of use Problem areas
Radiation imaging 
(X-ray radiography, 
X-ray CT, gamma 
ray radiography, 
neutron 
radiography)
Buildings and sculptures, 
paintings, craftworks, 
excavated artifacts of wood, 
paper, cloth, earth, stone, 
metal, etc.
Examination of subject’s internal 
structure
X-ray CT and neutron radiography 
require movement of the materials.
Even if the radiation source can be 
moved, sufficient radiation protection 
and shielding measures are 
necessary
Infrared 
photography
Sketches under paintings, 
discernment of writing on 
wooden strips, paintings 
whose surfaces are unclear 
because of dirt, etc.
Because the high resolution enables 
observation of details, large film such 
as 4 × 5 for painting surveys
For deciphering wooden strips or paper 
documents soaked with lacquer, video 
equipment with infrared camera tubes 
(vidicons) or silicon CCD sensors
With some exceptions, photographic 
film is only sensitive to light between 
700-900 nm. Infrared sensor work 
with longer wavelengths but cannot 
obtain the high resolution as that of 
film.
Ultraviolet 
fluorography
Oil, glue, silk, and other 
organic materials that 
fluoresce when struck by 
ultraviolet rays or visible light
Survey of oil paintings for repairs 
because new varnish does not give off 
fluorescence
Organic pigments give off characteristic 
fluorescent colors, enabling inference 
of use and types
The fluorescence given off is weak, 
so misinterpretation is easy and 
judgment is difficult
Stereomicroscope 
photography
Peeling, staining, 
overlapping of paintings, etc., 
manufacturing technology, 
materials, deterioration state, 
etc.
Uses light refracted by a lens for 
expanded observation of detailed areas
Identification of the weaves of cloth and 
paper used as the base material for 
paintings
Repair of details 
A magnification of a few powers of 10 
is generally the maximum
Emissiography 
(photoelectron 
photography)
Paintings and craftworks with 
inlays, archeological materials, 
etc.
Murals not suitable for 
radiography, etc.
Surveys of the heavy chemical 
elements parts
Because the subject and the film are 
in contact, it cannot be used with 
deteriorated paintings because it 
may pull paint from the surface
 X-ray fluorescent 
analysis
Earthenware, ceramics, metal 
utensils, paintings, stoneware, 
etc.
Mainly qualitative and quantitative 
analysis of chemical elements in 
inorganic materials
Nondestructive acquisition of elemental 
composition data of materials of 
unknown composition
Measurements in the atmosphere 
cannot accurately analyze aluminum, 
silicon, and other light chemical 
elements from potassium down
X-ray 
microanalysis 
(EPMA)
Mainly inorganic materials
Chemical elements analysis of minute 
areas with electron microscopes
Mainly analysis (mapping) of the 
primary components of microscopic 
areas of inorganic materials 
Quantitative analysis requires a 
vacuum sample chamber, needs at 
least small samples
Because it is microanalysis, multiple 
samples from all over the subject are 
required for segregation surveys of 
metal components
Infrared absorption 
spectrum analysis 
Organic materials 
(natural/compounds), 
dyes, resins, fats and oils, 
adhesives, paints, fibers, 
paper, leather, etc.
Some pigments (paint) and 
other inorganic materials that 
absorb in the infrared domain
Identification of organic material and 
surveys of changes
Identification of materials requires an 
extensive library
Gas 
chromatography
Painting media (vehicles), etc.
Identification of compounds
Usually combined with mass 
spectrometer
Separated determination usually 
requires preprocessing, knowledge 
of chemistry and training in 
equipment operation are necessary
X-ray diffraction 
analysis
Rock and related materials, 
metal, pigments, etc.
Other light chemical 
elements , not suited for x-ray 
fluorescent analysis, lapis 
lazuli pigment, etc.
Identification of crystals
Deterioration of stone objects
Analysis of surface rust on metal 
objects
Rocks differ widely by how their 
minerals join, so identification 
of rocks without combining with 
polarizing microscope observation is 
difficult
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appear l ight, whi le low - density areas are 
dark. Differences in the subject’s density thus 
appear as a distribution of light and dark areas 
on X-ray film. This enables, for example, the 
distinguishing of heavy chemical elements from 
light chemical elements even within the same 
pigment. However, if all pigments are composed 
mainly of light chemical elements, they cannot be 
distinguished through X-ray radiography alone. 
Furthermore, because the primary components 
of dyes are always light elements such as carbon, 
X-ray radiography cannot be used to distinguish 
them.
The thickness of the subject also affects X-ray 
absorption. Even if the substances have the same 
density, the thicker they are the more X-rays they 
will absorb and the lighter they will appear on 
the film. In actual X-ray radiography, therefore, 
one must take care to note whether the light 
and dark areas on X-ray film are the result of the 
subject’s density or of differences in thickness. 
Gold leaf and silver leaf are good examples of 
the problem caused by thickness. Gold is a very 
heavy element, but when used in gold leaf it is 
extremely thin, about 0.1 µm. This makes X-ray 
radiography using film difficult. Recently, there 
has been a move to the use of sensitive imaging 
plates instead of film, enabling imaging of gold 
leaf. Because the edges of leaf are aligned when 
it is applied to a surface, the overlapping areas 
are thicker. This difference in thickness appears 
in X-ray transmission images, so one may discern 
if leaf is used by comparing the light and dark 
pattern with the actual surface.
X - ray rad iography i s  ut i l i zed to sur vey 
internal structures that cannot be viewed 
from the outside. It is an essential step in the 
surveying of wooden sculptures. Survey methods 
similar to X-ray radiography include X-ray CT, 
Emissiography (photoelectron photography), and 
other nondestructive methods.
(2) Materials analysis methods
Materials analysis of cultural properties can 
achieve three purposes. First, determination of 
materials originally employed enables use of the 
same materials in repairs. Second, knowledge of 
the materials enables the creation of appropriate 
conser vat ion envi ronments (temperature, 
humidity, etc.). Final ly, understanding the 
technical level of cultural properties aids in 
determining their value[3].
Analysis of the materials in cultural property 
items is a necessary basic step in preservation 
repairs. When determining the materials used 
in cultural properties, X-ray fluorescent analysis 
equipment might be used for inorganic materials, 
while infrared absorption spectrum analysis 
might be used for organic materials. This enables 
identification of various types of paints. It also 
enables estimation of the nature of the colors at 
the time the item was created, making possible 
restorative reproduction using the same materials. 
It is also useful in judging whether or not an item 
is counterfeit.
X-ray fluorescent analysis in cultural property 
surveys is a typical example[11].
X-ray f luorescent analysis is widely used in 
material surveys of cultural properties to measure 
the types and amounts (content by percentage) 
of chemical elements in various substances. 
Analysis samples may be solids or liquids, and, in 
the case of elements heavier than potassium, can 
be measured in the air. The primary reason X-ray 
f luorescent analysis is used for many material 
surveys of cultural properties and works of art 
is that it enables nondestructive, noncontact 
analysis.
In surveying cultural properties, compact 
device size is an important factor. Portable X-ray 
fluorescent analysis equipment was developed in 
1999. Because it does not require movement of 
the subject to be measured, it has made possible 
relatively easy surveying of even large paintings 
and sculptures that previously were difficult 
to examine with nondestructive methods. The 
first use of compact X-ray fluorescent analysis 
equipment was for analysis of rock composition 
on Mars by the expedition of unmanned Mars 
probe, “Mars Pathf inder,” in 1997. Hence, 
technology developed for space exploration came 
to have an impact on cultural properties as well.
To date,  appl icat ion of  por t able  X - r ay  
f luorescent analysis equipment to material 
surveys of various cultural properties has led to 
many new discoveries. For example, examination 
of the scroll paintings of a national treasure the 
Tale of Genji at the Tokugawa Art Museum and 
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the Gotoh Museum identified white material 
whose main component was mercury, while 
surveys of the national treasure Iron Sword of 
Inariyama (Museum of he Sakitama Ancient Burial 
Mounds) found that two kinds of gold - silver 
alloys formed the gold inlay. Furthermore, a 2003 
survey of the national treasure Red and White 
Plum Blossoms (MOA Museum of Art) discovered 
through combination with high-resolution color 
image photography that the established theory 
that gold and silver leaf had been used was 
incorrect.
(3) Constraints and problems with
 technological survey methods
Proper preservation of tangible cultural 
properties f irst requires scientif ic analysis. 
Scienti f ic analysis of cultural properties is 
performed with devices developed for general 
scientific research. In principle, they can be 
used as-is but, because the targets of analysis for 
cultural properties are not necessarily the same 
as those for general materials, some changes to 
methods and instruments are often necessary. 
The primary causes[5] are as follows:
•  Analysis is often performed without knowing 
in advance what substances and materials 
compose the cultural properties.
•  When cultural properties cannot easily be 
moved, analysis using lower-performance 
portable devices is necessary.
•  Analysis of cultural properties must be 
nondestructive, use only small samples, etc.
These factors tend to lower analysis accuracy. 
In order to increase accuracy, improvement of 
analysis equipment and better performance are 
essential, but the market for cultural properties 
is small, so it is difficult to develop equipment 
solely for that purpose. Furthermore, there are 
constraints on the analysis of cultural properties. 
Problems may easi ly occur i f leading - edge 
equipment and methods are immediately adopted 
for analysis of cultural properties. Expected 
results and potential problems in use must 
be fully considered. In addition, leading-edge 
equipment is often expensive and requires a 
high degree of expertise in its operation, making 
adoption difficult in both economic and human 
terms.
3-2 Preservation and restoration technology
 for tangible cultural property
The word “preservation” is widely used to 
include the meaning, “restoration”, but if one 
wishes to distinguish between the two terms, 
“preservation” is the attempt to save cultural 
properties for a long period by arranging the 
environments around them, while “restoration” 
is the attempt to save cultural properties for long 
periods by working directly on them to repair 
damage. Technologies for the preservation and 
restoration of tangible cultural properties are 
summarized in Table 3.
In research and development of materials and 
restoration technology for the preservation and 
restoration of tangible cultural properties, Japan 
should respect its ancient traditional techniques 
and materials while adopting new technology 
and scientific materials to supplement their 
weak points. It is necessary to promote research 
and development on restoration techniques that 
actively utilize science and technology, such as 
new restoration materials.
Here, this report discusses new f indings 
regarding aged paste (furunori) as an example of 
restoration materials[13].
Among repai r technolog ies for cu ltura l  
proper t ies, an adhesive ca l led aged paste 
(furunori) is a traditional restoration material 
used in this work. This aged paste (furunori) 
is used in a mounting process, called soko, for 
Japanese paintings. Each repair workshop makes 
its own version by placing wheat starch paste 
boiled into a large jar on the day of taikan (the 
coldest season) and aging it under the floor for 
about 10 years before use. These 10 years are 
precisely the period required for a paper hanger 
to master the craft. According to traditional 
culture, after 10 years the paper hanger would be 
ready to become independent and would receive 
a portion of the aged paste (furunori) he had put 
down as he left to start his own business. After 
10 years of aging, the nature of the aged paste 
(furunori) could vary widely in both color and 
smell. Even in the same repair workshop, it often 
varied by the jar, and obtaining good aged paste 
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Table 3 : Technology for the preservation and restoration of tangible cultural property
Prepared by the STFC based on Reference[6]
Type of 
cultural 
property
Changes 
in cultural 
properties
Preservation technology Restoration technology
•  For outdoor stone objects, placement of sheds or roofs to protect 
from wind, rain, and sunlight, and to minimize temperature and 
humidity changes
•  Water contributes to stone deterioration. Prevent direct penetration 
of stone by rainwater through placement of sheds or roofs or water 
repellent coatings; measures against groundwater infiltration and 
indirect penetration by rainwater have not been established.
•  Remove algae, lichens, mosses; prevent and eliminate 
microorganism proliferation by washing with water; eliminate 
organisms by application of chemicals as needed
•  To maintain crumbling stone, impregnate and strengthen with resins
•  Take direct measures on the stone; desalinate to eliminate 
soluble salts in the stone and prevent salt crystallization damage; 
impregnate the stone surface layer with water repellent to keep out 
water
•  Epoxy resins are effective adhesives for cracked 
stone
•  To rejoin cracks, fissures, and small interstices, 
inject resins into those areas to harden
•  Replace or form missing parts by joining new stone
•  Survey the status of incrustation and deterioration by microscope; 
survey structural damage such as rusting internal structure or 
fissures by radiography, etc.; material analysis by x-ray fluorescent 
analysis; identify rust with x-ray diffraction analysis
•  Rust stabilization is primarily desalinization that 
extracts and eliminates chloride ions that cause 
rust and elimination of chloride and sulfide ions in 
objects by application of alkaline solutions
•  Strengthening is reinforcement with reversible 
acrylic resins injected by decompression; a resin 
layer forms, isolating it from outside air for a 
rust-prevention effect
•  For missing pieces, fragments can be reattached 
with epoxy or cellulose adhesives; repairs can be 
made with plastic synthetic resins
•  Outdoors, after eliminating surface contaminants 
and pernicious rust, coat with acrylic resins or wax 
to create a protective surface layer and prevent 
corrosion
•  Survey insect damage and exterminate pests
•  Insect damage countermeasures include development of low 
oxygen density and temperature methods, control of damage 
generation through environmental management, closing of insect 
access routes, early detection, regular inspections, and surveys of 
damage by organisms, etc.
•  To forcibly eliminate moisture from excavated wood 
without causing changes in its shape, use vacuum 
freeze drying or PEG impregnation, higher alcohol, 
sugar alcohol, etc.
•  Enhance the preservation environment to protect from year-round 
temperature/humidity changes inside and outside buildings 
(including rock faces)
•  Use optical devices such as microscopes, ultraviolet rays, infrared 
rays, x-rays to clarify the work's structure and any damaged areas, 
perform restoration work after making photographic records
•  It is necessary to maintain uniform thickness and 
even characteristics (rigidity, flexibility, contractility, 
smoothness, water resistance) throughout the 
surface of a painting
•  To strengthen the adherence and support of paint 
layers, use candles, natural resins, glue, etc., 
as well as synthetic resins (polyvinyl acetate, 
acrylic, etc.), after selecting appropriate materials 
according to the condition of the painting
•  Examine under oblique light to grasp the work's surface 
undulations, the artist's techniques, and damage (paint layer 
fissures, peeling, support deformation, damage, etc.); use optical 
devices such as microscopes, ultraviolet rays, infrared rays, x-rays, 
etc., to clarify the work's structure and any damaged areas; perform 
restoration work after making photographic records
•  The main cause of paint layer fixing and peeling 
is large fluctuation of relative humidity; stabilize 
humidity with air conditioning, perform support 
strengthening and correction and surface cleaning; 
fill and shape missing areas; add color; apply 
protective coating
•  Dyed textiles are vulnerable to light (especially ultraviolet rays) 
and changes in temperature and humidity. For preservation and 
exhibition, use lighting that cuts ultraviolet rays; maintain stable 
temperature and humidity
•  Avoid long-term exhibition, store in boxes or drawers that block light
•  When restoring donated treasures, if damage is 
remarkable, line and arrest further damage
• Storage condition is the core
•  For degree of deterioration, survey the environment, including 
polluted air, high temperature, high or low humidity, insect damage, 
mold damage, etc.
•  Enhance the environment, i.e., temperature, 
humidity, storage facilities, etc.; clean storage 
buildings; inspect regularly; prevent insect and mold 
damage by exterminating insects and disinfection
•  To enhance preservation containers and arrest 
deterioration, deoxidize, reinforce damaged areas 
with lining, use papermaking methods, prepare 
preservation data for each series of work
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(furunori) entailed a large element of chance. 
However, its common characteristics were that it 
was softer than the wheat starch paste that was 
its raw material, was weakly adhesive, was easily 
removed after application by wetting, was less 
likely to grow moldy than wheat starch paste, 
and was acidic. Aged paste (furunori) was used in 
lining work (building layers of washi (Japanese 
paper) from underneath). If the adhesive was 
too strong in these layers of washi ( Japanese 
paper), it would place too much tension on the 
delicate paper it was attached to, which could 
cause damage. Using weak adhesive for this 
lining is thought to have been a rule of thumb. 
In addition, the fact that it easily separates when 
wetted is also an advantage, enabling easy repair 
of mounts that require redoing every few decades 
(or centuries). However, these characteristics 
were learned only empirically and had never been 
explained on a scientific basis.
Scientific analysis of aged paste (furunori) in 
recent years has found that, among its physical 
properties the aging (re-crystallization) of starch 
is striking. Its molecular weight is lower and it 
includes many organic acids, which are thought 
to be products of the degradation of the starch. 
As the starch ages, when used as an adhesive it 
becomes more difficult for molecules to entangle. 
This is why the presence of water makes it easy 
to peel and to re-repair aged paste (furunori). In 
addition, regarding the loss of molecular weight 
and the generation of organic acids, the results of 
microorganism surveys early in the preservation 
period and molecular weight changes suggest 
that enzymes produced by mold contribute to 
the decreased molecular weight of aged paste 
(furunori). The presence of organic acids causes 
it to display acidity. This research made it clear 
that traditional techniques and materials are also 
rational from a scientific point of view.
These data became the basis for the preparation 
of materials with the same physical properties 
as aged paste (furunori) in a short period. By 
keeping wheat starch paste at temperature and 
humidity levels that facilitate aging, artificially 
activating enzymes, and adding organic acids, 
it is possible to realize a material with physical 
proper t ies s imi lar to those of aged paste 
(furunori) in the space of only a few weeks.
3-3 Current and future initiatives on
 technologies for the preservation and
 restoration of tangible cultural property
(1) Research and development of preservation
 and restoration technologies
Preservation of tangible cultural properties 
r e q u i r e s  d e t a i l e d  r e s p o n s e s  t o  t h e i r  
characteristics. For example, in the case of 
art and craft works, careful daily preservation 
and control is important, while for buildings, 
systematic preservation and control with medium 
and long-term perspectives is necessary[14]. From 
the perspective of protecting the value of true 
cultural properties, it therefore is and will remain 
necessary to advance research and development 
that actively adopts the latest science and 
technology.
It is necessary to advance the development 
of technologies for the preservation of sites and 
preservation materials. In particular, because 
buried cultural properties that have existed in the 
same state underground for a thousand years or 
more begin to deteriorate from the moment they 
are unearthed, immediate preservation measures 
are necessary. Rather than restoration measures 
based on traditional techniques, almost al l 
treatment and restoration should apply advanced 
scienti f ic methods from the perspective of 
halting the progress of deterioration as quickly as 
possible.
Not only should future analytical instruments 
be more accurate, but cultural proper ties 
researchers also must become actively involved in 
the development of leading - edge analytical 
instruments and the development of analysis 
methods  that  a re  appl icable  to  cu l t u r a l  
properties[5].
In addition, there is a need for efforts to record 
and preserve scientifically researched causes of 
the deterioration of cultural properties and to 
develop restoration simulation technology that 
can aid in the setting of restoration policy.
(2) Establishment of education programs
The number of universities and graduate 
schools with departments or courses related 
to cultural properties is gradually increasing. 
Upgrading of the organizations that will accept 
such researchers is vital. Support so that they 
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can be fully active is therefore necessary, not 
just from museums, but also from relevant 
organizations and all industries connected to 
the field. For example, the Japan Society for the 
Promotion of Science should set up fellowships in 
cultural properties preservation.
In Europe, there are practice standards for 
preservation and restoration, and restoration is 
based on these standards. In addition, educational 
courses are organized. In Japan, too, there is a 
need for examination of a qualification system for 
cultural properties restoration technologists who 
directly handle preservation and restoration, like 
the “Restorer of Cultural Properties”[15] of Europe 
and the USA.
Currently, the Japanese universities with 
educat iona l  programs related to cu ltura l  
properties are Tohoku University of Art and 
Design,  Tohoku Un ivers it y,  Un ivers it y of  
Tsukuba, Tokyo National University of Fine Arts 
and Music, Tokyo Gakugei University, Kyoto 
University, Kyoto University of Art and Design, 
Nara University, Kibi International University, and 
Beppu University. In terms of human resources 
development, it is necessary to build cooperation 
with other i nst i tut ions,  such as  forming 
associations with universities with departments 
related to cultural properties, dispatching experts 
to other universities, and otherwise. It should be 
noted that most universities with departments 
related to cultural properties are positioned 
as literature or art schools. In order to acquire 
knowledge of the above - discussed materials, 
science and analytics, as well as the technology 
to hand le the most  advanced equ ipment 
and devices, they should create cooperative 
educational programs that allow students to 
transfer credits from scientific analysis curricula, 
not only within their own universities but also 
from outside universities.
(3) International exchanges on tangible
 cultural property
As global ization advances, momentum is 
gather ing in var ious foreign countr ies for 
conservation of cultural properties. There 
is a movement, centered on internat ional 
organizations, to respect cultural diversity, and 
concrete initiatives for the protection of cultural 
properties are being advanced.
On the other hand, problems exist in the 
fact that views on the protection of cultural 
properties vary by country, region, culture, and 
religion, and in the situation whereby standards 
and rules for preservation and restoration also 
vary. The structures and materials of cultural 
properties vary by country, and preservation 
philosophies and techniques also differ. On 
the international level, it is a given that such 
gaps in perspective will exist. It is necessary 
that international exchanges and cooperation 
around cultural properties proceed based on 
deep empathy for cultural diversity and from a 
perspective of increasing mutual understanding 
between countries.
4 Information technology
 supporting compilation of 
 databases of cultural properties
Deterioration of cultural properties accelerates 
with the change in environment that occurs 
immediately after discovery. Deterioration can 
be slowed, but it is difficult to completely halt. 
At some point, therefore, deteriorating cultural 
properties should be converted to media. This 
necessitates advancement of preser vat ion 
technology in the form of digital archives and 
compilation of databases with information 
technology. Dig it izat ion ensures accurate 
maintenance of materials without deterioration 
over the years, enabling both their transmission 
to future generat ions and more ef fect ive 
responses in the event of disaster. In addition, the 
Internet can be effective in making such materials 
more widely accessible to the public. Recently, 
precision three-dimensional form analysis and 
quantitative comparison of the characteristics 
of cultural properties from different regions and 
of different ages have become possible. This 
represents a significant contribution to scholarly 
research on the cultural properties themselves.
As for computerization of cultural properties, 
the Agency for Cultural Affairs and the Ministry 
of Internal Affairs and Communications are taking 
the lead in digitizing and archiving information 
related to cultural properties designated by 
the national government and the collections in 
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national museums[16].
4-1 Digital archiving of cultural properties
Over the five years from FY 2004 through FY 
2008, the Ministry of Education, Culture, Sports, 
Science and Technology is conducting a project 
on “Development of fundamental sof tware 
technologies for digital archives to preserve and 
utilize intellectual assets”. This includes “digital 
archiving of cultural properties”.
Tangible and intangible cultural properties 
constitute an important national heritage, but 
many such properties may be lost over time. 
Constant consideration must be given to the 
characteristics of cultural properties and to their 
preservation. Information science and technology 
should be utilized for electronic preservation, 
and active publication and transmission of 
cultural properties should be advanced as well as 
succession to the future generations[17]. The above 
project is researching and developing software 
technology needed for the digital archiving of 
cultural properties.
Digital archives of cultural properties have 
been constructed over the last two decades, 
and their parameters have expanded with 
the development of inputting (multifunction 
high- fidelity digitization technology), storage 
(large - capacity memory equipment), access 
(high - speed networks), etc. They now cover 
a diverse array of cultural properties. As a 
result of progress in measurement technology, 
higher definition is advancing through higher 
resolutions, three - dimensional digitization, 
X-rays, multispectrum measurement, etc. Along 
with better recording, it is now possible to realize 
storage that is very close to the conditions and 
qualities of the real thing. For paintings, books, 
textiles, and other two-dimensional, flat, static 
subjects, current highly precise and accurate 
measurement technology has constructed 
very high - quality digital archives. For small 
three - dimensional objects, too, a variety of 
three-dimensional form measurement equipment 
ha s  been appl ied .  P rec i se  measu rement  
technology for spectral reflection characteristics 
has been developed[18].
On the research level, development of digitization 
technology for large three-dimensional statues, 
such as Great Buddha images, is progressing in 
the countries throughout the world. However, 
when digitization is applied to larger subjects, 
three-dimensional form measurement equipment 
is unable to measure the entire object in one 
pass, so the measurement equipment must be 
repeatedly moved. Alignment of numerous pieces 
of partial three - dimensional form data thus 
becomes necessary. Advanced computer vision 
technology is being used to seek an accurate 
three - dimensional form for entire objects. 
Figure 2 : Processing steps for the digitization of large-scale tangible cultural assets
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Development of digitization technology that can 
handle large buildings such as a Great Buddha 
hall or a ruined temple is progressing[18]. Figure 
2 depicts the basic elements and process of 
digitizing objects.
Three-dimensional digitization also represents 
a major contribution to scholarly research on 
cultural properties. For example, it has enabled 
three -dimensional, quantitative, and accurate 
comparison of correlations of changes in the 
faces of Buddha statues from different areas 
and periods, and of configurations of ancient 
burial mounds in various locations, as measured 
with conventional two - dimensional surface 
characteristic analysis and rulers and measuring 
tape for rough three-dimensional form analysis.
4-2 Preservation and access through virtual
 reality technology
Virtual reality technology uses computers to 
create artificial environments that people can 
enter and freely move within. Using such virtual 
reality technology, museums, for example, can 
create experiential exhibits and provide access to 
them over the Internet. This technology is widely 
used in various foreign countries.
Fur thermore,  i t  i s  now poss ible to use 
augmented reality technology to add artificial 
reality to actual spaces in the form of data or 
images, and to use telexistence technology that 
provides high realistic sensation to the people 
in distant locations as if they are present and 
perform work and exchange ideas[5].
4-3 Cultural Heritage Online concept
There is great value in networking cultural 
properties in var ious locations in order to 
provide comprehensive information on cultural 
proper ties in Japan and abroad. Bel ieving 
it necessar y to establ ish a comprehensive 
promotion st rategy for cu ltura l  proper t y 
computer ization in order to promote such 
computerization[19], the Agency for Cultural 
Affairs and the Ministry of Internal Affairs and 
Communications have been working together 
since Apri l 2003 to promote the “Cultural 
Heritage Online concept”[20]. This concept 
uses broadband (high - speed, high - capacity 
Figure 3 : Cultural Heritage On-line Concept  Overall scheme
�������������������������������������������������������������
������������������������������������������������������������
��������������������������
���������������������������������
�����������������������������
��������
������������
�����������
����������������
���������������������
������������������������
���������������
������������������
��������
������������������� �������
��������������������
����������������������
����������������������������������
�������������������������������
�������������������������������������������������
����� ������������������������
������������������������� ���� ������������������������������
�����������������
�� ���������������������������������
�� ����������������������������
� �������
�� ������������������������������
� ��������������������
�����������������������������
������������
����������������������
������������������������
�������������������������
����������
���������������
�����������������
�����������������������������������������������������
���������������������������������
��������������������
��������������������������
���������������������������������
�����������������������
������������������������
����������������������������
���������������������
�������������
������������������������
���������������������������
���������������������������
�� ����������������������
� ������������������������
� ��� �������
� ����������������������������
� ��� �
�� ��������������������
� �����������������
� �������������������
�������������������������
���������������������
�� ��������������������������
� ������������
�� ������������������������������
���������������
���������������
��������
����������������
���������
�����������������
Source: Reference[3]
50
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
51
Q U A R T E R L Y  R E V I E W  N o . 2 3  /  A p r i l  2 0 0 7
telecommunications) to provide access to 
information on national and local tangible and 
intangible cultural properties (including video of 
traditional performing arts).
As depicted in Figure 3, this concept provides 
an environment that allows anyone to utilize the 
Internet to easily view information on diverse 
cultural properties, whenever they so desire. At 
the same time, the concept is aimed at increasing 
international awareness and appreciation of 
Japan’s cultural properties. Besides promoting 
dig ita l archiving by museums and related 
organizations, the project will frame “Cultural 
Heritage Online” as an Internet portal site*1 for 
cultural properties. This facility will collect data 
on diverse cultural properties and transmit it both 
throughout Japan and overseas[19]. A trial version 
with public access has been running since April 
2004. The National Institute of Informatics of 
the Research Organization of Information and 
Systems provides technical support. The goal is 
to have about 1,000 museums and other relevant 
organizations participating by the end of FY 
2006.
4-4 Current and future initiatives on
 computerization technology
In order to complete three - dimensional 
archives of cultural properties, research and 
development should continue to be promoted. 
In par ticular, because there are currently 
no  appa rent  bu s i nes s  deve lopment s  for  
three - dimensional digitization technology, 
universities and other public research institutions 
must continue these efforts.
Concrete technologies whose development 
is required for three -dimensional digitization 
i nc lude :  1)  prec i s ion th ree - d i mens iona l  
measurement sensors (in addition to precise 
measurement of shapes, they must use infrared 
and X-rays to measure materials); 2) high-speed, 
three-dimensional form measurement software; 
and 3) large - scale, three - dimensional form 
measurement software. In order for the data to 
be fit to leave to posterity, precision and scale 
must improve. Development of software for the 
search, display, and analysis of cultural properties 
that have been three-dimensionally digitized is 
also necessary. Furthermore, three-dimensional 
digitization of many cultural properties will 
require the formation of work teams with 
specialized technology and expertise.
5 Current and future trends
 concerning cultural properties
Cultural properties are a precious shared 
human heritage and have been passed down over 
the long span history to reach our generation. 
Preservation of cultural properties is a means 
of confirming our identity and is vital to the 
establishment of personal cultural foundations.
In the early 21st century, social conditions 
surrounding cultural properties both in Japan and 
overseas are rapidly changing. Although the basic 
position of cultural properties as “social public 
assets”[21] is unchanged, computerization and the 
diversification of people’s values are constantly 
advancing. Under these circumstances, attitudes 
towards cultural properties are also diversifying, 
and our perception of the role of cultural 
properties in society is expanding.
Although the fields whose experts currently 
deal with cultural properties preservation span 
archeology, architecture, architecture history, 
art history, cultural properties science, etc., it 
could hardly be said that mutual exchanges and 
information-sharing among these disciplines is 
at a desirable level. Consequently, the knowledge 
and expertise acquired by experts in a particular 
field may not be available to their counterparts 
in another field[22-23]. Development of scientific 
preservation, restoration, and utilization methods 
requ i res  comprehensive su r vey research 
spanning the humanities, social sciences, and 
natural sciences. In order to resolve the diverse 
issues facing cultural properties preservation, 
such as preservation and restoration, technology 
transfer, human resources development, and 
infrastructure development to provide access, 
more f lexible responses are required. They 
include:
(1) Collaboration among relevant organizations
Upgrading of Japan’s organizations for the 
preservation and restoration of tangible cultural 
properties is lagging well behind that of other 
countries. For example, there are many museums 
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in foreign countries, and most of them have 
conservation science laboratories, preservation 
and restoration departments, and preservation 
and restoration experts, including natural 
scientists, preservation repair technologists, 
carpenters, lathe operators, and painters. Few 
Japan museums have such conservation science 
or preservation and repair organizations or 
facil ities. In order for conservation science 
research to develop, the enhancement of 
organizations and equipment transcending the 
limits of the disciplines of those working with 
cultural properties is necessary.
Sc ience and tech nolog y re l ated to  the 
preservation and utilization of tangible cultural 
properties are diverse, but currently there are 
only limited markets for them. Therefore, public 
research institutions are obliged to take the lead 
in carrying out research and development. This 
situation is likely to continue. In the future, 
however, cooperation among those concerned 
with cultural properties and researchers and 
technologists in other fields should be further 
strengthened, and there should be greater 
col laboration among universities, research 
institute for cultural properties, museums, and 
other research institutions dealing with cultural 
properties, together with promotion of joint 
surveys and research.
(2) Promotion of integration of humanities,
 social science, and natural science fields
Looking ahead, whi le continual ly taking 
care to avoid harming the cultural value of 
tangible cultural properties, information and 
communications technology and other science 
and technology methods should be applied 
so that these properties can be accessed and 
utilized. In order to accomplish this, it is vital that 
researchers and technologists in the various fields 
concerned with cultural properties collaborate, 
formulate fundamental technologies, enhance 
basic research facilities for integrated research, 
build networks across academic disciplines, and 
create new science and technology that integrate 
the natural sciences, the humanities, the social 
sciences, culture and performing arts, and 
science and technology.
Regarding the results of analysis obtained 
through surveys, interpretations can vary greatly 
depending on the existence of expert knowledge. 
Lack of knowledge may lead to flawed results. 
Without expertise in materials science, proper 
analysis of the internal structure and organization 
of substances is impossible. Even the latest 
equipment and instruments are useless without 
the abi l ity and knowledge to uti l ize them 
properly. At the very least, collaboration must be 
strengthened by obtaining the participation and 
cooperation of scientific analysis researchers in 
cultural property research fields. First, efforts to 
enable natural science researchers to understand 
cultural properties are necessary.
(3) Training successor technologists
Most tangible cultural properties are made of 
wood, paper, lacquer, or other fragile materials 
and have structures that necessitate ongoing 
repairs. Because restoration uses traditional 
technologies and techniques, those who will 
preserve and inher it the technologies are 
now being trained. However, merely finding 
technolog ists and technicians to become 
successors is difficult in itself.
Examinat ion of  a  “Restorer of  Cu ltu ra l  
Properties” qualification system for cultural 
properties technicians directly involved with 
the preservation and restoration of cultural 
properties would be effective in fostering an 
ongoing succession of technologists, of whom 
there is now a shortage in Japan as well as in the 
USA and Europe.
(4) International technical cooperation
Japan has carried out technical cooperation 
for  the  res tor at ion  of  Japa nese  cu l t u r a l  
properties in many nations. In order to support 
the preservation and restoration of cultural 
properties from an international perspective, it 
will remain important to promote active technical 
cooperation with various countries, centered on 
Japan’s own technologies for the preservation and 
restoration of cultural properties.
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Glossary
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to various fields.
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4
EU Nanoroadmap: Issues and Outlook for
Technology Roadmaps in the Nanotechnology Field
DAISUKE KANAMA
Nanotechnology and Materials Research Unit
1 Background and goals
As part of its Sixth Framework Programme 
(FP6), the European Commission (EC) created 
a  road m ap for  n a notech nolog y  (t he  E U 
Nanoroadmap), and published it on a website 
in January 2006[1]. The roadmap’s purpose is to 
provide a medium- to long-term projection and 
outline for nanotechnology in three research 
fields (materials, health and medical systems, 
energy) through 2015. This report introduces the 
EU Nanoroadmap and examines probable future 
issues facing technology roadmaps in the field as 
well as their optimal form.
Chapter 1 introduces the basic concept 
o f  tech nolog y  road maps  i n  gener a l  a nd  
typical roadmaps for the semiconductor and 
nanotechnology fields.
1-1 What is a technology roadmap?
In recent years, the importance of innovation 
in socioeconomic development has become 
widely recognized. Today’s innovation research 
devotes attention not only to research and 
development in universities and corporations, 
but also to the importance of constructing 
so - cal led national innovation systems that 
effectively generate innovation in comprehensive 
systems incorporating market and social needs, 
institutions and regulations[2]. At the same time, 
however, various issues such as latent market and 
social needs, the appearance of environmental 
and energy issues, and more advanced and 
complex technology have arisen.
Amidst these conditions, technology roadmaps 
are attracting attention as a way of effectively 
planning and implementing future research 
and development.  A technology roadmap 
comprehensively examines future market and 
social conditions and factors such as comparative 
superiority at home and abroad, aiming to form 
and visualize a consensus among stakeholders 
on technologies that should be targeted and on 
a vision for the future. Advantages of creating 
such roadmaps include (i) clar i f ication of 
medium- to long-term research and development 
strategies, (ii) sharing of unified goals by industry, 
academia, and government, (i i i) promotion 
of  com mu n icat ion a nd col l abor at ion on 
research and development that is responsive to 
increasingly advanced and complex technologies, 
(iv) technological benchmark effects, and (v) 
exposure of technological limits[3].
1-2 Technology roadmap development and
 technology roadmaps in the semiconduct
 or/nanotechnology field
Technology roadmaps originated with the 
USA semiconductor manufacturer Motorola, 
which used them in the development and 
management of new products[4]. Subsequently, 
IBM and other USA companies adopted the 
system. During the 1990s, the government and 
the private sector in the USA created the National 
Technology Roadmap for Semiconductors 
(NTRS). At this stage, technology roadmaps had 
developed from strategy proposal processes 
inside individual companies to become tools for 
shared strategies and consultation based on the 
premise of the development of specific industries. 
This movement has further evolved into the 
famous International Technology Roadmap for 
Semiconductors (ITRS). The ITRS is drawing 
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attention even outside the semiconductor field 
as the most successful example of a technology 
roadmap.
In Japan, in addit ion to the technology 
roadmaps of major (generally large) corporations, 
the Strategic Technology Roadmap created 
and published in March 2005 by the Ministry 
of Economy, Trade and Industry (METI) in 
conjunction with related organizations such as 
the National Institute of Advanced Industrial 
Science and Technology (AIST) and the New 
Energy and Industrial Technology Development 
Organization (NEDO) is well-known. This is the 
first technology roadmap at the governmental 
level to take a view of all technology fields. The 
revised April 2006 version covers 24 technology 
areas[5].
Furthermore, in the nanotechnology field, 
the Nanotechnology Business Creation Initiative 
(NBCI), an organization formed under the 
leadership of industry to uncover new industries 
by matching nanotechnology for the 21st century 
with business, has created business strategy 
roadmaps for eight nanotechnology areas[6].
Compared with these activities, the creation 
and promotion of the EU Nanoroadmap, to 
be discussed in the following chapters, has a 
similarity to the METI’s Strategic Technology 
Roadmap in that the government provides public 
funding and it was created as an amalgam of ind
ustry-academia-government knowledge. As the 
name indicates, however, the EU Nanoroadmap 
covers only nanotechnology and is not a roadmap 
for any other field.
2 The goals, methodology,
 and structure of
 the EU Nanoroadmap
2-1 Goals
E u r o p e a n s  e n g a g e d  i n  r e s e a r c h  a n d  
development created the EU Nanoroadmap with 
the goal of providing knowledge in order to grasp 
the impact of nanotechnology on society and 
the economy and more effectively disseminate 
the results of research and development to 
the economy and society at large. Therefore, 
while the roadmap’s users include managers 
and researchers in each sector, its messages 
for industry are particularly significant. It also 
emphasizes that small and medium businesses 
and venture firms are also targeted. The following 
are also goals of the roadmap.
•  Strengthened international competitiveness 
and expanding markets in the nanotechnology 
field
•  Improved selection, focus, and efficiency of 
research and development projects
•  More effective training and education in the 
nanotechnology field
•  Strengthened national and international 
collaboration in Europe
•  Sustainable development and better quality of 
life in Europe
2-2 Methodology
Creation of the roadmap took place over 
two years from 2004 to 2005 in the following 
two stages. The f irst stage was carried out 
during the initial year. It primarily involved the 
collection and analysis of information regarding 
nanotech policy and technology trends in various 
countries and sought to identify the fields where 
nanotech could be applied based on the results. 
The second stage involved the actual work of 
creating the roadmap. The results of each stage 
can be downloaded as reports from the project’s 
website. In addition, international conferences 
were held each November to introduce survey 
results and gather the opinions of participants. An 
international consortium comprising technology 
consultants in different areas of expertise from 
eight EU countries and Israel was formed in order 
to carry out the survey.
The roadmap itself was created using the 
Delphi method. There were two question cycles, 
with the following main processes.
•  Selection of leading international experts 
(Delphi panel)
•   Creat ion  of  ques t ion na i re s  for  each  
technology field (including not only questions 
directly related to technology, but also many 
questions about examples of applications in 
society, the economy and industry, barriers to 
practical use, and technological benchmarks 
in various countries)
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•  Implementation of the first questionnaire 
(first cycle) using the Internet
•  Collection of completed questionnaires and 
interviews conducted in relation to some of 
them
•  Feeding back the results of the first cycle to 
the Delphi panel and implementation of the 
second questionnaire (second cycle)
•  Creation of the final roadmap based on 
questionnaires, interviews, and international 
conferences
The number of Delphi panel respondents was 
about 230 (65 percent response rate). Figure 1 
shows their nationalities and affiliated sectors.
2-3 Structure
Totaling about 700 pages, the reports can be 
roughly divided into the following seven reports. 
Preliminary reports were created and published 
as Sectoral Reports for the three fields (materials, 
health and medical systems, energy), while 
technology roadmaps were created and published 
as the Synthesis Report for each of the three 
fields.
The Sectoral Reports investigate technology 
trends prior to the stage when areas within each 
field are narrowed down for roadmapping. In 
addition, they discuss many non-technical aspects 
such as economic effects, social impacts, and 
policies in various countries.
The technology roadmaps predict and analyze 
characteristics of various technologies as well as 
their advantages and disadvantages, and present 
their future applications over the coming 10 
years. Preparation of the roadmaps centers on 
the applications of these technologies. The 
horizontal axis is the development phase (basic 
research, applied research, etc.) rather than time. 
The time axis concept is expressed in three 
maps for five -year periods beginning in 2005 
(materials field). Subsequently, technological 
and social issues and bottlenecks are discussed. 
The international competitiveness of technology, 
acces s ib i l i t y  o f  the  i nteg r a ted  re sea rch  
infrastructure, need for integrated research 
facilities, and so on are broadly examined.
3 Content and characteristics
 of the EU Nanoroadmap:
 the case of the materials field
I n  o r d e r  t o  d i s c u s s  t h e  c o n t e n t  a n d  
characteristics of the EU Nanoroadmap, this 
chapter will take up the case of the materials 
field, describing an overview of the roadmap and 
some other notable features.
In the preliminary surveys, the three fields 
(materials, health and medical systems, energy) 
were each covered almost completely, but in 
preparing the technology roadmaps, each was 
narrowed down to four areas (Table 1). The 
narrowing process was as follows. Based on 
information obtained in the preliminary survey 
Czech Republic
5%
France 
11%
Germany 
21%
Belgium 
3%
Israel 
6%
Italy
8%
Spain
5%
Sweden 
4%
UK
11%
USA
5%
Netherlands
3%
Switzerland
3%
Other
15%
University
62%
Industry
24%
Public research
institute
9%
Private research
institute 
5%
Figure 1 : Nationalities (a) and affiliated sectors (b) of Delphi survey respondents
Prepared by the STFC based on Reference[1]
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during the first year, candidates were proposed 
to the first international conference (November 
2004) in light of the possibility of applying the 
technology. Following debate by experts, the 
European Commission discussed and decided 
on the candidates. The process was the same for 
each field.
3-1 The technology roadmap in the materials
 field
First, the technology roadmap in the materials 
field defines nanomaterials as “novel materials 
whose size of elemental structure has been 
engineered on the nanometer scale.” At least one 
dimension (side, diameter, etc.) must be in the 
range of 0.1-100 nm.
Because space does not permit discussion of 
all four areas listed in the technology roadmaps 
as shown on the right of Table 1, this report 
will discuss 2) Nanoparticles/nanocomposit
es (hereinafter, the “nanoparticle area”) as a 
representative technology from the materials 
field.
After beginning by defining nanoparticles, the 
roadmap briefly describes their characteristics 
(surface, magnetic, and electric properties, etc.). 
Before showing the actual nanoparticle roadmap, 
the report divides the nanoparticle research 
and development pipeline into four stages, 
production, functionalisation, incorporation into 
nanocomposites, and application, and explains 
their technical points in an easy-to -understand 
way.
First, there is an introduction of the roadmap 
(overview of applications) for the nanoparticle 
area in 2005, 2010, and 2015 (Figure 2). To 
reiterate, the most characteristic feature is that 
the roadmap’s horizontal axis represents four 
research and development phases (basic research, 
applied research, first applications, and mass 
production) rather than time. The time - axis 
concept is expressed in three maps for five-year 
Table 1 : Areas for sectoral reports and the four areas for technology roadmaps in each field
Sectoral reports Technology roadmap
1)    Nanostructured materials
2)    Nanoparticles/nanocomposites
3)    Nanocapsules
4)    Nanoporous materials
5)    Nanofibres
6)    Fullerenes
7)    Nanowires
8)    Single-walled and multi-walled (carbon) nanotubes
9)    Dendrimers
10)  Molecular electronics
11)  Quantum dots
12)  Thin films
1)    Nanoporous materials
2)    Nanoparticles/nanocomposites
3)    Dendrimers
4)    Thin films and coatings
1)    Tissue engineering/regenerative medicine
2)    Bio nano structures
3)    Drug encapsulation/drug delivery/drug targeting
4)    Molecular imaging
5)    Biophotonics
6)    Biocompatible implants
7)    Biomimetic membranes
8)    Biomolecular sensors
9)    Biochips/high throughput screening
10)  Lab-on-a-chip
11)   Functional molecules: switches, pumps, means of 
transportation
1)     Drug encapsulation/drug delivery/drug 
targeting
2)    Molecular imaging/biophotonics
3)     Biochips/high throughput 
screening/lab-on-a-chip devices
4)    Biomolecular sensors
1)    Solar cells
2)    Fuel cells
3)    Thermoelectricity
4)    Rechargeable batteries
5)    Hydrogen storage
6)    Supercapacitors
7)    Insulation
8)    Glazing technology for insulation
9)    More efficient lighting
10)  Combustion
1)    Solar cells
2)    Thermoelectricity
3)     Rechargeable batteries and 
supercapacitors
4)    Heat insulation and conduction
M
at
er
ia
ls
H
ea
lth
 a
nd
 m
ed
ic
al
 s
ys
te
m
s
E
ne
rg
y
Prepared by the STFC based on Reference[1]
58
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
59
Q U A R T E R L Y  R E V I E W  N o . 2 3  /  A p r i l  2 0 0 7
periods beginning in 2005. Few other roadmaps 
use this method. For example, in the case of 
solar cells, shown at the top of the chart, one 
can see the prediction that primarily basic and 
applied research will take place in 2005, moving 
to the first application phase in 2010 and to mass 
production in 2015. Note that this map refers 
to nanoparticle applications, so the solar cells 
referred to (quantum dot, etc.) are different from 
the silicon crystal and amorphous cells already 
manufactured.
2005 2010
2015
Figure 2 : Roadmap for the nanoparticle area (2005, 2010, 2015)[1]
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3-2 Technological and economic risk involved
 with research and development and
 estimated market growth for
 the nanoparticle area
Figure 3 depicts estimated market growth over 
the next 10 years (vertical axis) and technological 
and economic risks accompanying research 
and development (horizontal axis) for feasible 
nanoparticle applications. Rather than risk per 
se, the horizontal axis can perhaps be thought of 
as depicting the “depth” of issues and “height” 
of barriers on the path to practical application. 
Returning to the example of solar cells, risk is 
moderate, while estimated market growth is 
highest of all.
3-3 Self-evaluation of the EU’s international
 competitiveness by type of organization
As mentioned above, non- technical aspects 
including costs and other economic perspectives, 
and health and environmental perspectives are 
discussed extensively. Particularly noteworthy is 
the discussion of the EU’s global competitiveness 
in each sector. Figure 4 shows the results of 
the Delphi survey of the EU’s international 
competit iveness in the nanopar t icle area. 
Although the Delphi respondents (Figure 1) saw 
the EU’s technological level in the nanoparticle 
area as fairly competitive in the academic and 
large corporation sectors, this dropped somewhat 
in the small and medium enterprise and startup 
sectors.  ( Fewer than ha l f  of  respondents 
chose “Excellent” or “Good.”) This tendency 
applies not just to the nanoparticle area, but 
to nanotechnology as a whole. It is interesting 
to see that the experts find the EU’s industrial 
technological level (especially for small and 
medium enterprises and startups) to be deficient 
compared to the rest of the world. Furthermore, 
the survey design itself emphasized (saw as an 
issue) small and medium enterprises and startups. 
This also indicates the importance of small, 
medium, and startup companies in the EU’s view 
of the nanotech field.
In addition, the preliminary survey carried out 
in advance of the preparation of the technology 
roadmap shows outlooks for current and future 
markets and applications along with trends in 
research and development activities in leading 
countries for the 12 technology areas shown 
in Table 1 based on public documents from 
more than 30 countries. Although this report 
cannot go into detail, it is interesting to see the 
EU’s view on world research and development 
activities. One example is the discussion of 
research and development trends in the leading 
countries for the carbon nanotube area. Although 
carbon nanotubes (CNT) were discovered in 
Japan, the discussion never touches on this 
country. Covering several pages, it mainly 
addresses European and US universities and some 
corporations. It also refers to South Korean and 
Figure 3 : Technological and economic risk involved with research and development and estimated market growth
 for the nanoparticle area over the next 10 years[1]
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Taiwanese firms (Samsung and TECO Electric and 
Machinery) that have applied CNT to displays as 
well as mentioning the Indian Institute of Science 
and the results of its application of CNT to gas 
flow sensors.
3-4 Patent system issues in the EU and
 the USA
Among the Delphi survey questions for the 
materials field, one asks how differences between 
the EU and US patenting systems might lead to 
disadvantages for EU nanotech development in 
the medium and long terms. Figure 5 shows the 
results. Although there were no detailed analyses 
or proposals in the text, 76 percent of the experts 
displayed anxiety regarding the less restrictive US 
patenting system.
3-5 Recommendations for the materials field
Finally, this roadmap offers three recommendations 
for the mater ials f ield. First, promotion of 
up - scaling of materials process technology. 
This would increase technology reproducibility, 
control manufacturing costs, and raise recycling 
efficiency, building sustainable systems. Second, 
increased risk capital for product development 
s t a r tups.  Th i s  wou ld promote h igh - r i sk ,  
high-return research and development as well 
as establishing and expanding markets with the 
unified support of large corporate manufacturers 
and corporate investors. Third, establishment 
of nanotech research and development centers. 
This would be especially beneficial to startups 
and small and medium enterprises. Regarding 
the establishment of nanotech multidisciplinary 
centers, the Delphi survey also found that a large 
majority of experts supported the idea (Figure 6). 
Such multidisciplinary centers would be effective 
not only for the integration of technologies, but 
also for increasing the liquidity of technology 
among all sectors, small, medium, and startup 
businesses, large corporations, and publ ic 
Figure 4 : Results of Delphi survey on self-evaluation of the EU’s international competitiveness by type of organization
 (nanoparticle area)[1]
Less restrictive US patenting system might 
lead to disadvantages for Europe in the field of 
nanotechnology in the mid and long terms
Figure 5 : Results of Delphi survey on EU and
 US patenting systems
Prepared by the STFC based on Reference[1]
Multidisciplinary centers with advanced knowledge 
on materials and own pilot production facilities are 
essencial for supporting European industry in taking 
nanotechnology-related products to the final market
Figure 6 : Results of Delphi survey on
 establishment of multidisciplinary
 centers for EU nanotech industrial
 application
Prepared by the STFC based on Reference[1]
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entities, and reducing the time cycles to market.
The need for such multidisciplinary centers was 
also pointed out in the other two fields (health 
and medical systems, energy).
3-6 Conclusion: characteristics and aims of
 the EU Nanoroadmap
As discussed, the EU Nanoroadmap is more 
complete in terms of its social and economic 
perspectives than as technological analysis. 
Because the roadmap is a report intended to 
contr ibute to strategic planning on a wide 
regional level, the EU’s characteristic tendency 
to advance a social agenda makes an appearance. 
In particular, the field of nanotechnology is 
expected to play a role in achieving the goals set 
forth in the Lisbon Strategy of March 2000[7]. In 
addition, the roadmap also looks to the Seventh 
Framework Programme (FP7), which will begin 
in 2007, seeking to clarify nanotech strategies and 
highlight problems. As noted above in Chapter 
2, the roadmap carries a strong message for 
industry, especially small and medium enterprises 
and startups. This can therefore be supposed to 
be the reason for an emphasis on certain aspects 
of research and development and noteworthy 
items for each technology and on understanding 
and discussing trends for nanotechnology as a 
whole in the EU rather than on deep explanations 
of individual elemental technologies.
4 Technology roadmap issues
 and outlook for
 the nanotechnology field
This article has described the EU Nanoroadmap, 
using the materials f ield as an example. In 
conclusion, we wi l l  address issues facing 
technology roadmaps in the nanotech f ield 
and the outlook stemming therefrom based on 
the author’s own knowledge and the following 
perspectives.
4-1 The problem regarding uncertainty
 of technology and industrial application
 in nanotechnology
Nanotechnology is an emerging multidisciplinary 
f ield. Preparation of technology roadmaps 
therefore faces difficult problems different from 
those of other fields. The current industries 
active in research fields such as nanotech that 
aim to construct new industries are immature. 
One might even say that every technology 
in the f ield has the potential for industrial 
application. In other words, the uncertainty 
of technical realization and the uncertainty of 
markets make it extremely difficult to map out 
connections among technologies and products. 
Even supposing the existence of shared social and 
market goals, it is not easy to categorize them as 
research themes in a specific nanotech field. It 
is difficult for researchers and managers to judge 
which technology seeds would lead to those 
goals being attained, or even to determine what 
(effective) seeds exist. They face an apparent 
“latency of seeds”*1, 2.
Table 2 shows technology classi f ications 
devised by Yasunaga, et al., with technology 
structuring and shared awareness of future 
markets as axes[9]. In the semiconductor field, 
where technology roadmaps have been most 
effectively used, although technological evolution 
centered on miniaturization has been remarkable, 
the technology structure itself has changed 
little in about 30 years, and stakeholders have 
a shared awareness of markets. On the other 
hand, future markets and technology structures 
are both unclear for nanotechnology, and this 
is the difficulty in preparing roadmaps for the 
nanotech field. Furthermore, depending on the 
awareness of preparers and users, risks may 
appear. Nanotech roadmaps must therefore 
be careful to avoid narrowing the potential of 
nanotech more than necessary even as they seek 
to clarify strategy. Concrete measures that can 
be taken to address this include annual revisions, 
creation of maps that use the “functions” and 
“character istics” l ikely to be demanded of 
materials in the future as axes, and clarification of 
goals by strengthening integration with roadmaps 
for other fields. In addition to such measures, 
preparers and users must be fully aware of 
the issues and risks involved with nanotech 
roadmaps.
Regarding these points, the EU Nanoroadmap 
discussed in th is repor t handled them by 
narrowing down its technology fields, taking 
care to map only applications and realization, 
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mapping paths to realization by dividing its 
horizontal axis by research phase rather than 
time, and narrowing its points of debate to the 
extraction of (social) issues anticipated upon 
practical realization. Furthermore, in order to 
create new values through nanotechnology, the 
Delphi results indicate experts’ need to form 
multidisciplinary research centers (Figure 6).
4-2 The international role of technology
 roadmaps: competition and cooperation
Finally, this report will offer proposals from an 
international perspective. Over the past several 
years, various governments and joint bodies 
have prepared an abundance of technology 
roadmaps from the standpoints of clarification of 
research and development strategies, compilation 
of knowledge from various sectors, and the 
obligation of explaining these matters to the 
public. Naturally, these initiatives in various 
countries have proceeded in parallel with one 
another, and collaboration among them has not 
yet been undertaken. At this stage, therefore, 
countries and regional confederations such as 
the EU are preparing roadmaps in order to raise 
industr ial competitiveness. However, these 
technology roadmaps being simultaneously 
prepared could become unparalleled tools for 
international cooperation. The nanotech field 
in particular is likely to become the focus of 
active international standardization and joint 
research and development. Study based on the 
technology roadmaps of both sides may yield 
better results for both through more efficient 
debate, comparison of technology seeds, and 
differentiation of applications. Furthermore, 
with the field’s technologies becoming more 
advanced and complex, there are some that can 
Table 2 : Technology classifications with technology structuring and shared awareness of future markets as axes
Shared awareness
Insufficient shared awareness
Opacity of market Opacity of social vision
 Structured • Semiconductors • Consumer robots • 3R
 Not structured
• Regenerative medicine
• Genomic drug discovery
• Nanotechnology • Green sustainable chemistry
Future 
market
Technology
Prepared by the STFC based on the Reference[9]
Examination of strategy using roadmap
International
cooperation
Products/
services
Functions/
characteristics
Technologies
Markets, policies, 
systems, etc.
Time axis Present Future
International
joint research Standardization
Figure 7 : Issues and international corporation for nanotechnology roadmaps
Prepared by the STFC
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be realized with domestic resources and some 
that require cooperation with other countries. 
For technolog ies for which internat iona l  
collaboration is thought necessary, expansion 
of the scope for roadmap preparation to include 
technical development partners and feasibilities 
should be discussed (Figure 7).
Acknowledgments
The author would like to thank Mr. Yuuko 
Yasu naga ,  D i rec tor  of  the  Resea rch and 
Development Division, Ministry of Economy, 
Trade and Industry; Mr. Muneo Mizumoto and 
Mr. Masao Watari, Deputy Director-General of 
the Nanotechnology Business Creation Initiative; 
and Mr. Juan Perez of W&W (Willems & van den 
Wildenberg, Spanish technology consultants) 
for kindly contributing valuable opinions and 
materials towards the completion of this report.
Notes
*1 In Reference[3], Yasunaga, et al., place the 
layer “function” between “technology” and 
“new values” in roadmaps. Functions serve 
to mediate between technology and values. 
Furthermore, technologies not noted in 
maps do not mean unimportant. Instead, 
constant revision of maps is necessary.
*2 In “Open Innovation”[8], Chesbrough, et 
al., point out that increasing uncertainty 
in technologies and markets in high-tech 
i ndus t r ie s  ma kes  the  i nteg r a t ion  of  
t ech no lo g ie s  d e ve lop e d  by  ou t s id e  
organizations vitally important. The degree 
to which this perspective is incorporated in 
nanotech roadmaps is a major issue.
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1 Introduction
Coal is a vital energy source that accounts for 
about 20% of the primary energy supply of Japan. 
However, from the perspective of reducing global 
warming problem, coal has a high environmental 
impact due to its high CO2 emission intensity and 
impurity contents such as sulfur, compared to 
other fossil fuels. Environmentally harmonious 
coal technology (clean coal technology) is 
featured as a technology to overcome the 
drawbacks of coal in the 2004 November issue of 
Science & Technology Trends.
As primary energy demand increases sharply 
with the rapid economic development in China 
and other Asian countries, coal is increasingly 
vital for energy security since it is abundant 
worldwide and is not concentrated in particular 
regions. Despite the recent crude oil price hikes, 
coal prices have been stable at low levels (Figure 
1)[1]. The consumption of coal as a primary 
energy source to cover the rapidly increasing 
electricity demand with the expanding economy 
mainly in Asian countries is likely to further 
increase (Figure 2)[2].
As global warming events such as extreme 
weather are becoming ser ious, clean coal 
technology is increasingly important for allowing 
both the use and environmental harmony of 
coal[3]. In particular, since the Intergovernmental 
Panel on Climate Change (IPCC) concluded in 
September 2005 that CO2 capture and storage 
(CCS) technology for power plants plays a major 
role in combating climate change[4], there have 
been active efforts, mainly in foreign countries, 
to achieve clean coal technology as the ultimate 
power generation technology with near-zero 
emissions, including CO2 capture, collection and 
storage.
Of clean coal technologies, the integrated coal 
gasification fuel cell combined cycle (IGFC) is 
3.0
2.5
2.0
1.5
1.0
0.5
0.0F
ue
l P
ric
e 
(U
S
 d
ol
la
rs
/1
00
 M
ca
l) 
Coal Crude oil LNG
Year
Figure 1 : Trend in imported fuel price in Japan
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the most efficient power generation system with 
a low environmental impact and is expected 
to become the “ultimate coal - based power 
generation technology.” High-temperature fuel 
cells are used for the power-generation portion 
of IGFC. The research and development of 
high-temperature fuel cell technology has been 
actively pursued in Japan.
This report provides an overview of IGFC 
technology and describes trends in research 
and development of the key technology of 
high- temperature fuel cells. It then identifies 
issues in promoting research and development 
of high - temperature fuel cells in Japan, and 
proposes policy measures to be taken, based on a 
comparison with overseas trends.
2 Overview of clean coal
 technology focused on
 the integrated coal gasification
 fuel cell combined cycle (IGFC)
The integrated coal gasification combined 
cycle (IGCC) is described in detail in the 2004 
November issue of Science & Technology 
Trends as a clean coal technology contributing 
to high-efficiency power generation. IGCC is a 
combined power generation system in which 
gas turbines are driven by combustion energy 
from burning gasified-coal fuel (coal gas), instead 
of directly burning coal, and steam turbines 
are driven by exhaust heat. This system allows 
high-efficiency power generation by combining 
steam and gas turbines and using energy in a 
cascading manner. In Japan, a demonstration 
IGCC plant with a capacity about half that of 
commercial power plants is under construction, 
and will go into operation in 2007. Commercial 
plants are already in operation overseas[5]. Several 
plans to build commercial plants combining with 
CO2 storage are being developed[6].
IGFC is a triple -combined power generation 
system combining IGCC and high-temperature 
fuel cells. Table 1 shows the characteristics of 
IGFC in comparison with conventional coal-fired 
and IGCC power generation[7]. One of the reasons 
why IGFC is called the “ultimate coal -based 
power generation technology” is that the power 
generation efficiency of IGFC reaches 50 to 55%, 
far exceeding that of pulverized coal-fired and 
IGCC power generation.
Figure 3 summarizes clean coal technology 
focused on IGFC. It not only allows high-efficiency 
power generation but also has the following 
characteristics.
•  A wide variety of coals can be used, allowing 
the effective use of coal: Low-grade coals 
with high moisture content and low calorific 
values, such as brown and subbituminous 
coals, are difficult to use in conventional 
pulverized coal - f ired power generation, 
Prepared by the STFC based on Reference[7]
Table 1 : Comparison of coal-fired power generation technologies
Technology Configuration
Power
Generation 
method 
Power 
Generation 
efficiency 
(HHV, net)
Applicable 
Coal type 
Conventional
coal-fired 
plant
(pulverized 
coal-fired) 
Steam turbine 42-43%
Bituminous 
coal 
IGCC 
Gas turbine
Steam turbine 
46-48%
Bituminous 
coal 
Low-grade 
coal 
IGFC
High-temperature 
fuel cells 
Gas turbine 
Steam turbine
50-55%
Bituminous 
coal 
Low-grade 
coal 
Fuel (natural gas, coal)
Air
Boiler
Exhaust gas
Steam
Electric 
power
Steam 
turbine
Coal
Oxygen
Gasifi-
cation 
unit
Coal 
gas
Air
Fuel 
cells
Electric power Electric
power
Electric
powerHigh-
temperature
exhaust gas
Air
Gas 
turbine Boiler
Steam
Exhaust 
gas
Steam 
turbine
Coal
Air 
(oxygen)
Gasifi-
cation 
unit 
Coal gas
Air
Gas 
turbine Boiler
Exhaust gas
Steam
Electric 
power
Steam 
turbine
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but can be used as fuel for IGCC or IGFC 
power generation through the relatively easy 
gasification process.
•  Environmental pollutants and CO2 can be 
easily removed and captured: Environmental 
pollutants can be easily removed by placing a 
gas clean-up unit downstream the gasification 
process. High CO2 concentrations in the 
exhaust gas allow CO2 capture by a CO2 
capture unit at relatively low cost. Near-zero 
emissions can be achieved by transporting 
the captured CO2 by pipelines or tankers, and 
by sequestrating and storing it underground 
or in the ocean.
Figure 4 shows the CO2 emission intensity of 
each power generation system. Of the coal-based 
systems, IGFC has a combination of CO2 capture 
and sequestration (CCS) technology, which has 
the lowest CO2 emission rate[8,9].
The areas of clean coal technology focused on 
IGFC include high-temperature fuel cells as a key 
technology, as well as coal gasification and gas 
clean-up technology CO2 separation technology 
and CCS technology. Figure 5 shows change in 
the number of science and technology papers 
published in the world to explain research and 
development trends in each clean coal technology 
area. In the 1980s, most research focused on 
coal liquefaction technology. This reflects the 
fact that due to the two oil shocks in the 1970s, 
coal was mainly seen as the alternative to oil. In 
the 1990s and beyond, research focused on coal 
gasification technology and high- temperature 
fuel cell (molten carbonate fuel cells; MCFC and 
solid oxide fuel cells; SOFC) technology because 
Coal
C
oa
l g
as
ifi
ca
tio
n 
fu
rn
ac
e
Coal gasification 
technology
Coal gas 
purification 
unit
capture 
unit
capture 
technology Coal
Fuel 
cell
Gas 
turbine
Steam 
turbine
High-efficiency power 
generation technology
Gene-
rator
Electric 
power
Cap rock 
(imperme-
 able layer) 
Underground: aquifer, coal bed
Dissolu-
tion, 
Diffusion
Pressure injection 
from surface facility
Transport 
by pipeline
storage technology 
(geological/oceanic storage)
Transport 
by tanker 
Pressure injection 
from surface facility
Figure 3 : Overview of clean coal technology adopting IGFC
Prepared by the STFC based on Reference[2]
LNG-fired (combined)
 LNG-fired (combined + CCS)
LNG-fired (steam)
 LNG-fired (steam + CCS)
Oil-fired (average)
Oil-fired (average + CCS)
IGFC
IGFC + CCS
IGCC
IGCC + CCS
Coal-fired (ultra-supercritical pressure)
Coal-fired (ultra-supercritical pressure + CCS)
Coal-fired (conventional)
Coal-fired (conventional + CCS)
Nuclear (BWR)
Geothermal
Photovoltaic
Wind power
Facilities Fuel
CO2 emission intensity (g-CO2/kWh)
Figure 4 : Comparison of CO2 emission intensity among power generation systems
Prepared by the STFC based on the References[4,8,9]
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global warming problems surfaced in the 1990s. 
Now, research is increasingly focused on CCS 
technology aimed at zero emissions.
3 Status of research and
 development of IGFC
3-1 Status of development of
 high-temperature fuel cells[10]
The key technology for IGFC, the ultimate 
coal -based power generation system, is fuel 
cel l s  that  ach ieve h igh - ef f ic iency power 
generation. Fuel cells are divided into two types: 
high-temperature and low-temperature fuel cells. 
The high-temperature type is suitable for IGFC 
for the following reasons:
(i)  Due to high- temperature operation, the 
electrode reaction of hydrogen and carbon 
monoxide, primary components of coal 
gas, proceeds in high rate and coal gas can 
be used directly. In low-temperature fuel 
cells, due to low temperature operation, 
the electrode reaction rate is relatively 
slowand an expensive platinum catalyst 
is required to increase the rate. Carbon 
monoxide in coal gas may cause adsorption 
poisoning to the platinum catalyst and 
a carbon monoxide removal unit is also 
required, adding to the complexity of the 
system.
(ii)  A system can be easily converted into a 
combined cycle of gas and steam turbines 
using high - temperature exhaust gas, 
allowing a dramatic improvement in the 
overall power generation efficiency of the 
system.
There are two types of high-temperature fuel 
cells: molten carbonate fuel cells (MCFC) and 
solid oxide fuel cells (SOFC). The operating 
temperature is about 600 to 670°C for MCFC 
and about 750 to 1,000°C for SOFC. A combined 
cycle using high-temperature exhaust gas can be 
implemented. Currently, both MCFC and SOFC 
are being developed in parallel. The status of 
development of both types is described in the 
following sections.
(1) Molten carbonate fuel cells (MCFC)
In Japan, a study on MCFC began in the early 
1980s as a national project, and a 1 MW-class 
plant was developed. The results of the study 
developed into a 300 kW-class, city gas-based fuel 
cell system for distributed power generation. Two 
fuel cell units were operated for demonstration 
purposes during the Aichi Expo and achieved a 
maximum power generation efficiency of 51% 
 No. of papers
-
-
-
Coal gasification Coal liquefaction CCS
Year
CO2 separation
Figure 5 : Change in the number of science and technology papers published in the world in the area of clean coal technology
repared by the STFC based on data from Thomson’s “Web of Science”
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(LHV, gross). These units were moved to Chubu 
Rinku Town (Tokoname City) in FY 2006 and 
have been in operation since then (Figure 6)[11].
Outside Japan, a US company and a German 
company developed a 250 kW-class, ambient 
pressu re system th rough a  cross  l icense 
agreement and achieved a power generation 
efficiency of about 47% (LHV, net). More than 
50 units have been shipped worldwide, some of 
which exceeded a total operation time of 25,000 
hours. The system can supply both electricity 
and heat and is used in a variety of areas such as 
sewage treatment plants (using sludge digestion 
gas), manufacturing plants (using natural gas, 
city gas or coal -mine methane gas), hotels, 
hospitals, universities and for electricity quality 
improvement[12].
In Japan, a natural gas-based, large 1 MW-class 
pressur ized plant expected to be used for 
electric utilities was operated in 1999 by the New 
Energy and Industrial Technology Development 
Organization (NEDO). In the US, a city gas-based, 
2 MW ambient pressure plant was operated in 
1997, and a 1 MW-class plant using digestion gas 
from a sewage treatment plant was developed in 
2004[10].
In Japan, the feasibility of applying coal gas to 
IGFC was evaluated using 10 kW-class stacks, and 
the stability of the performance of the stacks was 
confirmed. Also, damage from coal gas impurities 
to MCFC stack components was evaluated in 
detail. The effect of impurity concentrations of 
ppm order on the cell voltage and the degradation 
mechanism were investigated. Also, the allowable 
impurity concentration was identified.
(2) Solid oxide fuel cells (SOFC)
A 10 kW-class module was developed by 2004 
as a national SOFC project of Japan. Subsequently, 
modules for cogeneration (10 to 20 kW-class) and 
combined-cycle (200 kW-class) applications were 
developed in the system technology development 
program ( F Y 2004 to 2007 ) focus ing on 
introduction into the market for small to medium 
distributed power generation systems using city 
gas and oil-based fuel. Attempts to use SOFC as a 
small power supply are being pursued. There is 
a plan to demonstrate the performance of 1 to 5 
kW-class systems for residential applications.
Larger SOFC systems are being act ively 
developed in the US. A 100 kW-class ambient 
pre s su re  s y s tem h a s  been  oper a ted  fo r  
demonstration purposes since 1997 by changing 
the installation location from the Netherlands 
to Germany to Italy. The power generation 
efficiency of the system is 46% (LHV, net). A 
200 kW- class pressurized hybrid system was 
developed over the period from 2000 to 2003 and 
operated for 3,300 hours. The power generation 
efficiency was 53% (LHV, DC gross). Currently, 
the US  company is focusing on the development 
of an ambient pressure, 125 kW-class system 
(Figure 6)[13]. Rolls - Royce of the UK is also 
developing SOFC systems with the goal of 
developing a 1 MW-class system. In 2005, they 
generated power of up to 60 kW-class[8]. Table 2 
summarizes the results and current activities of 
the development of MCFC and SOFC systems.
Figure 6 : External view of the high-temperature fuel cell systems
MCFC (300 kW-class) SOFC (125 kW-class)
Source: References[10,13]
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3-2 Comparison of relevant research and
 development projects of various countries
(1) FutureGen and SECA Projects of the US
In the US, the FutureGen Project of the 
Department of Energy (DOE) aimed at zero 
CO2 emission coal gasification power plants is 
underway. In February 2003, President Bush 
stated that a total of one bil l ion US dollars 
wi l l be invested in the FutureGen Project 
over a 10 -year period[14]. The project aims at 
demonstrating coal gas -fired power generation 
systems that produce hydrogen as well as CCS. 
The US is leading the world in the development 
of coal gasification technology. Commercial IGCC 
technology has already been achieved mainly by 
oil majors. High-temperature fuel cells have been 
developed since 2000 in the Solid State Energy 
Conversion Alliance (SECA) Project[15] as part of 
the FutureGen Project under the leadership of 
DOE’s National Energy Technology Laboratory 
(NETL). The goals of the SECA Project are to 
develop 3 to 10 kW core modules by 2010 that 
can be used for a variety of applications such as 
stationary, portable and military applications, 
and to significantly reduce cost (400 US$/kW). 
Six corporate teams are participating in the 
SECA Project and each of them is developing 
characteristic SOFC applications separately. 
Each corporate team is supported by national 
laboratories, universities and other research 
organizations. The results of the SECA Project 
will be incorporated into coal gasification power 
generation plants developed by the FutureGen 
Project in 2010 and afterwards.
The Environmental Protection Agency (EPA) 
and DOE conducted a detailed cost assessment 
of coal gasification power generation and CO2 
collection and storage, and estimated the cost of 
CO2 collection at US$ 24 per CO2-t[16].
(2) COAL21 Program of Australia
Australia is the world’s number-one exporter 
of coal. Federal and state governments, the coal 
and electricity industries formed a partnership 
to achieve clean coal technology that allows 
both energ y secur it y  and env i ronmenta l  
compatibility, and announced a program called 
COAL21 in March 2004[17]. Australia leads the 
Carbon Sequestration Leadership Forum (CSLF) 
by making use of its abundant potential for 
geological storage of CO2. It initiated projects 
to assess geological CO2 storage with China 
and India, based on the outcomes of the CSLF. 
However, research and development activities on 
high-temperature fuel cells are not being actively 
pursued.
Table 2 : Results and current activities of development of high-temperature fuel cells
Japan Overseas (US) 
MCFC SOFC MCFC SOFC
Demonstrated 
capacity 
150 to 1,000 kW 1 to 40 kW 250 to 2,000 kW 5 to 200 kW
Demonstrated 
efficiency (HHV) 
41%
(net, 300 kW system*) 
41% 
(net, 1 kW-class system) 
43% 
(net, 250 kW system) 
47% 
(based on stack DC + 
MGT AC*) 
Demonstrated life 
   5,000h (1 MW system)
 12,000h (10 kW stack) 
 50,000h
(cell, pressurized) 
7,000 h (10 kW stack) Over 25,000 h 
(250 kW system) 
16,600 h (100 kW system, 
stacks replaced) 
70,000 h (cell, ambient 
pressure) 
Current expected 
applications 
Electric power utilities 
(natural gas) 
Distributed power supply 
(city gas) 
Distributed power supply 
(city gas) 
Distributed power supply 
(city gas) 
Power supply for 
military, communications 
applications 
Issues in 
application to 
IGFC 
•  Capacity enlargement, 
cost reduction 
•  Investigation of effect of 
impurities 
• Extending life 
• Systematization 
•  Capacity enlargement, 
cost reduction 
•  Review of systems 
suitable for IGFC 
(pressurization, external 
reforming) 
•  Capacity enlargement, 
cost reduction 
•  Investigation of effect of 
impurities 
• Extending life 
• Systematization 
•  Capacity enlargement, 
cost reduction 
* indicates a reference value (corrected by calculation) Prepared by the STFC based on Reference[10]
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(3) GreenGen Project of China
Ninety - f ive percent of China’s electr icity 
industry depends on coal-fired power generation, 
and there is a strong social demand for clean coal 
technology. China had been conducting research 
and development on coal gasification technology 
since the late 1990s and developed a proprietary 
two-stage jet bed gasification process based on 
US technology[18,19]. In 2004, it initiated a national 
project called GreenGen aimed at demonstrating 
an IGFC power generation system integrated 
with CCS. In 2005, China HuaNeng Group 
announced its participation in the US FutureGen 
Project. China is looking into the proprietary 
development of clean coal technology, and 
it posit ioned the technology as a pr ior ity 
research topic in the “National medium- and 
long-term program for science and technology 
development” announced in February 2006. In 
China, basic research on high-temperature fuel 
cells has just begun.
(4) Development projects in Japan
I n  19 9 5 ,  N E D O  a n d  E l e c t r i c  P o w e r  
Development Co., Ltd jointly in it iated the 
Coal Energy Application for Gas, Liquid & 
Electricity (EAGLE) project aiming to achieve 
Japan’s proprietary coal gasification technology 
applicable to IGFC. In 2002, a coal gasification 
pi lot plant began demonstration operation 
and produced satisfactory results as planned. 
A system to purify coal gas into components 
appl icable to h igh - temperature fuel cel ls 
has already been achieved. In FY 2006, the 
final year of the project, as a step toward the 
review stage, the demonstration of scale -up 
technology was conducted and the coal type 
used in the test was expanded to include US, 
Australian, Chinese and Indonesian coals. The 
design of a commercialization plant with a coal 
processing capacity of 1000 t/day (150,000 
kW IGCC equivalent) will begin next year[20]. 
A demonstration test on a combination of a 
coal gasification unit and a CO2 capture and 
collection unit will begin in 2007. However, there 
is no concrete road map for achieving IGFC by 
combining these units and high-temperature fuel 
cells.
In the area of geologica l CO2 storage, a 
demonstration test is underway at the Research 
Institute of Innovative Technology for the 
Earth[21]. However, there is no specific plan for 
a demonstration test on a combination with a 
coal-fired power plant.
Figure 7 : Road map for clean coal technology
Source: Reference[22]
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The Agency for  Natu ra l  Resources and 
Energy developed a road map for achieving 
a  zero - emiss ion societ y by 2030 ( Figure 
7)[22]. However, there is no specific plan for 
demonstrating the system as a whole, although 
relevant  element technolog ies  a re being 
developed in individual projects. As described 
in (1) to (3) above, this contrasts with the 
US, Australia and China, which have specific 
timelines for the overall demonstration test of 
clean coal technology integrating coal gasification 
power plants and CCS.
3-3 Issues in achieving IGFC in Japan
(1) Defining the positioning of the technology
 as a means of reducing CO2 emissions
The future of clean coal technology as a whole, 
including CCS, needs to be clearly pictured to 
show that IGFC is an effective means of reducing 
CO2 emissions in combating global warming. This 
requires progress in research and demonstration, 
pa r t icu l a r ly  academ ic  resea rch,  on CCS 
technology[23].
As mentioned earlier, in the US, the positioning 
of IGCC and IGFC as a means of reducing CO2 
emissions is defined, and a specific master plan 
for clean coal technology integrating IGCC (IGFC) 
power plants and CCS has been developed and is 
being implemented.
The number of science and technology papers 
on clean coal technology produced in Japan 
and the US is compared to identify the factors 
contributing to the difference between the two 
countries. The data for the 1980s and beyond 
show that clean coal technology accounts for 
the largest share (34%) with 5,283 papers in the 
US while it accounts for the second largest share 
(15%) with 2357papers in Japan. Thus, Japan is 
comparable to the US in this area. However, the 
change in the number of science and technology 
papers on individual element technologies shows 
a significant difference in the trend between the 
two countries (Figure 8).
The trend for the US shows that research 
had been actively pursued in the areas of coal 
gasification and coal liquefaction, and in recent 
years, the focus of research has shifted to CO2 
separation and CCS. Particularly in the area 
of CCS technology, the US has produced 50% 
of the research papers published worldwide, 
significantly leading other countries. Progress 
in research on CCS is probably a significant 
contributing factor to the fact that in the US, 
clean coal technology, including IGFC, is 
recognized as an effective means of reducing CO2.
In  the a rea s  of  coa l  l iquefac t ion,  coa l  
gasification, high-temperature fuel cell and CO2 
separation technologies, Japan is comparable 
to or better than the US, but is far behind 
the US in the area of CCS. There has been no 
adequate discussion of the positioning of clean 
coal technology, including IGFC, as a means of 
reducing CO2 probably because there has been no 
progress in academic research on CCS technology 
Coal gasification Coal liquefaction CO2 separation CCS
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Figure 8 : Change in the share of science and technology papers in the area of clean coal technology produced in Japan and the US
Prepared by the STFC based on data from Thomson’s “Web of Science”
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which is a key technology for IGFC.
The lack of progress in research on CCS 
in Japan is due to the fact that although CCS 
technology requires expertise and knowledge of 
resource exploration and geology, both academia 
and industries lack it. The US has many natural 
resource majors and basic research centers 
that have abundant know-how in these areas, 
but Japan has few. In order to develop CCS 
technology in Japan, it is necessary to enhance 
these areas or promote cooperation with leading 
overseas research centers in these areas. Either 
case requires support from the government.
In Japan, where the economy as a whole is 
growing slowly, the market for the commercial 
power generation equipment is saturated and 
the motivation for electric power companies to 
invest in new equipment is declining. The recent 
deregulation of the domestic electricity market 
has accelerated this trend. Unless the positioning 
of IGFC as a means of reducing CO2 is defined, 
electric power companies as the users of IGFC 
systems will not be motivated to introduce the 
systems. Consequently, high-temperature fuel cell 
manufactures will prioritize the development of 
medium-capacity fuel cells for distributed power 
generation for which demand is expected from 
customers other than electric power companies, 
becoming less motivated to invest in the research 
and development of IGFC.
It is necessary to focus academic research 
on CCS, including cooperation with overseas 
research organizations, in order to break this 
vicious cycle, define the social importance 
of clean coal technology including IGFC, and 
consequently to develop a master plan.
(2) Identifying issues and milestones in
 applying high-temperature fuel cells to IGFC
Progress in high- temperature fuel cells and 
other technology areas such as coal gasification, 
gas clean-up and CO2 separation technologies, 
as wel l as coordination among concerned 
parties, is necessary to achieve IGFC. In Japan, 
coal gasification and CCS technologies are now 
in the demonstration stage for IGCC, ahead of 
high-temperature fuel cells for IGFC still in the 
technical development stage. Disagreement at the 
stage of research and development, such as this, 
is inevitable. However, it contributes to impeding 
communicat ion and col laborat ion among 
concerned parties.
There are still high technological hurdles for 
the practical application of high- temperature 
fuel cells. In Japan, particularly in the area of 
MCFC, issues in the stage of basic research on 
fuel cells for IGFC, such as durability on the 
bench scale, investigation of the effect of coal 
gas impurities and establishment of an optimal 
hydrogen production process, have been cleared. 
Table 3 summarizes expected technological 
issues of high-temperature fuel cells in achieving 
Table 3 : Issues in realizing IGFC
Issue Description 
Coal gasifier 
Optimal design of gasification 
process 
When air is used as an oxidant for coal gasification, the fuel cell pressure loss 
increases due to nitrogen, resulting in potential gas leaks; redesign the fuel cell 
operating pressure and related gasification pressure, as well as the gas flow 
channel in the fuel cells and the overall system configuration. 
Identification of improvements to 
gasification unit for IGCC 
Redesign the system so that the maximum performance of fuel cells can be 
achieved, and improve the gasification unit so that its performance matches the 
improved performance of the system. 
Optimal system design by adding 
CO2 capture capability 
Redesign and improve the system as a result of adding a CO2 capture unit. 
Gas 
clean-up unit 
Establishment of an advanced gas 
clean-up process 
Develop an advanced gas clean-up process to achieve the allowable fuel cell 
level. 
Fuel cells 
Investigation of allowable 
concentrations of coal gas impurities 
Investigate the effect of sulfur, halogen and nitrogen compounds of ppm order on 
the function of the Ni catalyst; investigate impurity-resistance levels. 
Selection of the appropriate fuel 
cell type 
Select either MCFC or SOFC by comparison, including the reforming process 
(internal/external), at the appropriate time point. 
Investigation of methanation when 
coal gas is used 
Review the fuel cell configuration and operating conditions due to methane formation 
from CO and H2, primary coal gas components, and their exothermic reaction. 
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a pilot IGFC plant as the next step. In order to 
deepen discussion about the master plan among 
those involved in clean coal technology, those 
involved in the research and development of 
high - temperature fuel cells need to take the 
initiative in defining concrete measures and 
development steps to overcome the issues shown 
in Table 3, and developing milestones with gate 
goals defined to move toward subsequent steps 
(Figure 9).
MCFC and SOFC for IGFC have been developed 
independently of each other, and a difference 
has occurred in the progress of development. For 
SOFC in particular, there has been little study 
on the use of coal gas, and many unknowns 
remain regarding the degradation mechanism and 
allowable concentrations. It may be necessary to 
go back to the stage of material development in 
some cases. These issues have been cleared for 
MCFC. Therefore, at the moment, MCFC is closer 
to achieving IGFC. A comprehensive discussion 
is required to determine when and how to select 
the type of high-temperature fuel cells for IGFC, 
taking into account the progress in the basic 
research and development stage.
A speci f ic plan for developing a system 
integrating coal gasification technology and 
fuel cells needs to be developed as soon as 
possible, taking into account the progress of coal 
gasification technology, which has already been 
established for IGCC, and the time of completion 
of development of large-capacity fuel cells. The 
plan guides and accelerates practical applications 
of IGFC.
IGFC is a technology that takes t ime to 
develop. Long-term support in developing the 
technology can be made available only by setting 
development steps in accordance with progress in 
the development of coal gasification technology 
and fuel cells.
(3) Further progress in the development of
 relevant key technologies
Progress in the development of high-temperature 
fuel cells as well as a variety of peripheral 
technologies is essential to achieve IGFC. Also, 
further improvement in efficiency is required 
of coal gasification technology. In Japan, coal 
gasification technology is being developed ahead 
of IGFC, as part of the development of IGCC. 
Results from this development can be utilized 
for the development of IGFC. In particular, the 
two-stage spiral flow gasifier being developed 
under the EAGLE project has the advantage that 
it can burn a variety of coals, compared to the 
foreign technologies.
Exergy(available energy) -recovery gasification 
technology, an advanced, next-generation coal 
gasification technology, has been invented. In 
Advanced IGFC (A-IGFC) which incorporates the 
technology, coal is gasified at low temperatures 
(700 to 900°C) and the exhaust gas from the 
high - temperature gas turbines and fuel cells 
is used as heat for gasification, resulting in an 
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Figure 9 : Example of milestones for achieving a pilot plant scale
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estimated power generation efficiency of as high 
as 70% (Figure 10)[24,25]. Basic research in this area 
will begin in FY 2007 under the leadership of the 
University of Tokyo. It requires research based 
on expertise and knowledge accumulated in 
disciplines as diverse as mechanical engineering, 
materials engineering, computer science and 
combustion engineering.
(4) Feasibility study of international
 cooperation
It  i s  impor tant to deepen col laborat ion 
with China and other major coal - importing 
countries and promote international cooperation 
in developing IGFC technology, based on 
technologies accumulated in the area of clean 
coal technology over the past years in Japan. 
In Asian countries, mainly China and India, 
dependence on coal is expected to increase with 
their rapidly growing economies. Clean coal 
technology, including IGFC, is a vital technology 
from the perspective of energy security and 
environmental protection. The introduction 
of the technology into other coal - importing 
countries in Asia is desirable to Japan, as an Asian 
country, and in terms of energy demand and 
supply and global environmental issues. These 
Asian countries where rapid development of 
infrastructures for coal-fired power generation 
is expected will be better markets than Japan for 
clean coal technology developed in Japan.
Since clean coal technology is still at the stage 
of research and development, an intellectual 
property protection and distribution program 
needs to be established by countries participating 
in the international cooperation in order to 
develop smooth cooperative relationships. First, 
we need to clarify what cooperation we can 
offer and in which stages of development we can 
offer cooperation. Then, we need comprehensive 
discussion, including technical and institutional 
issues, with Asian countries that will need clean 
coal technology in the future.
In the Asia - Paci f ic Par tnership on Clean 
Development and Cl imate (APP CDC) with 
six participating members of the US as the 
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Conventional IGCC/IGFC A-IGCC/IGFC
Combined system Cascading type Exergy-recovery type 
Gasification system Partial high-temperature oxidation (1,100-1,500°C) Steam reform (700-1,000°C)
Gasification furnace Jet bed 
High-density high-speed circulating fluid 
bed (multi-loop high density CFB)
Power generation efficiency
(HHV.net)
46-48% / 55% 53-57% / 65%
Figure 10 : Configuration and characteristics of Advanced IGFC (A-IGFC) 
Source: Reference[25] 
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organizer, Japan, Korea, Australia, China and 
India, a task force on clean coal technology has 
been established with the aim of establishing a 
technology development program by the next 
ministerial meeting in 2007 and promoting 
CCS[26]. It is necessary to contribute towards 
intensifying international activities such as APP 
CDC.
4 Conclusion
The integrated coal gasi f ication fuel cel l 
combined cycle (IGFC) is the most efficient 
coal - fired power generation technology and 
contributes to reducing CO2 emissions. It should 
be vigorously pursued to respond to sharp oil 
price hikes, such as those that have occurred 
recently, to meet the expected increase in 
energy demand in developing countries and 
to ensure the energy security of Japan as well 
as global environmental protection. However, 
there is no comprehensive road map in Japan for 
developing systems integrating individual element 
technologies for clean coal technology. There is 
no specific demonstration plan, either.
Our suggestions for the early achievement of 
IGFC are described below.
(1) Defining the positioning of the technology
 as a means of reducing CO2 emissions
The future of clean coal technology as a whole, 
including CCS needs to be clearly pictured in 
order to show that IGFC is an effective means 
of  reducing CO2 emiss ions in combat ing 
global warming. This requires progress in 
academic research on CCS technology, which is 
inadequate in Japan. In the US, as the progress 
on CCS technology, the positioning of clean coal 
technology and IGFC as a means of reducing CO2 
is accepted by society. Also, a specific master 
plan for clean coal technology integrating IGCC 
(IGFC) power plants and CCS has been developed 
and is being implemented in a top-down manner. 
Japan needs our own specific master plan. The 
positioning of IGFC should be defined in the 
plan. In order for clean coal technology, including 
IGFC, to be socially accepted in Japan as a means 
of reducing CO2, academic research on CCS, in 
which Japan lags behind, must be accelerated.
(2) Identifying issues and milestones in
 applying high-temperature fuel cells to IGFC
Progress in high- temperature fuel cells and 
other technology areas such as coal gasification, 
gas purification and CCS technologies, as well 
as collaboration among concerned parties, is 
necessary to achieve IGFC. At the moment, coal 
gasification and CO2 separation technologies 
are in the demonstrat ion stage for IGCC, 
ahead of high-temperature fuel cells for IGFC. 
Disagreement at the stage of research and 
development, such as this, is inevitable. However, 
it contr ibutes to impeding communication 
and collaboration among concerned parties. 
Some issues in the stage of basic research on 
high- temperature fuel cells for IGFC, such as 
durability on the bench scale and investigation 
of the effect of coal gas impurities have been 
cleared. In order to deepen discussion about 
the master plan among those involved in clean 
coal technology and achieve a pilot IGFC plant 
as the next step, those involved in research and 
development of high-temperature fuel cells need 
to take the initiative in identifying technological 
i s sues ,  de f i n i ng  concre te  mea su res  a nd  
development steps to overcome the issues, and 
developing milestones with gate goals defined to 
move toward subsequent steps.
(3) Further progress in the development of
 relevant key technologies
Progress in the development of high-temperature 
fuel cells as well as a variety of peripheral 
technologies is essential to achieve IGFC. Coal 
gasification technology is a key technology that 
affects overall power generation efficiency, and 
therefore, research and development for further 
improvement in the eff iciency is required. 
Progress in this area requires research based 
on expertise and knowledge accumulated in 
disciplines as diverse as mechanical engineering, 
materials engineering, computer science and 
combustion engineering.
(4) Feasibility study of international
 ooperation
It is important to enhance col laboration 
with large potential coal - importing countries, 
especially in Asia, and promote international 
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cooperation in IGFC technology. Clean coal 
technology, including IGFC, is in the stage 
of research and development. An intellectual 
property protection and distribution program 
needs to be established by countries participating 
in the international cooperation in order to 
develop smooth cooperative relationships. First, 
we need to clarify what cooperation we can 
offer and in which stages of development we can 
offer cooperation. Then, we need comprehensive 
discussion, including technical and institutional 
issues, with participating countries.
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6
R&D on Human- and Environment-conscious
Manufacturing Systems
KEIICHI SHIOTANI
Monodzukuri Technology, Infrastructure, and Frontier Research Unit
1 Introduction
Japan’s Third Science and Technology Basic 
Plan defines that a major policy challenge for the 
promotional strategy in the “MONODZUKURI 
Technology” (manufactur ing technology) 
f ield is taking advantage of manufacturing 
capacity, a strength of Japan, and maximizing 
the added value created through a value chain 
extending even to service and information 
industr ies [1]. The plan proposes that Japan 
should solve its resources, environmental and 
population problems, to maintain international 
competitiveness, and to further develop the 
economy through these strategies. A value 
chain is an accumulation of added value created 
through R&D, manufacturing/assembly, sales, 
after- sales service, and recycling[2]. Assuming 
that sales and after- sales service activities are 
a process through which products (the result 
of production activities in the manufacturing 
sector) are utilized, advancing manufacturing 
systems can be an effective way of increasing the 
total added value of a chain. This suggests that 
addressing manufacturing systems as a strategy 
to promote MONODZUKURI technology is 
significant.
The Third Science and Technology Basic 
Plan sets six policy goals: “Quantum jump 
i n  k nowledge,  d i scover y,  and creat ion,”  
“Breakthroughs in advanced S&T,” “Economic 
growth & environmental protection,” “Innovator 
Japan,” “Nation’s good health over lifetime,” 
and “The world’s safest country”[3]. Among 
them, “Economic growth & environmental 
protection” and “Innovator Japan,” which are 
based on the concept of “Maximizing national 
potential,” emphasize that developing science 
and technology as a source of national strength is 
essential for overcoming constraints facing Japan, 
such as the aging and decreasing population, the 
declining birth rate, and global-warming/energy 
problems, and for creating a competitive nation 
capable of achieving sustainable growth even 
in fierce global competition[3]. In particular, the 
promotional strategy in the MONODZUKURI 
Technology field mentions “human- centered 
manufacturing practices” as a basic policy[1].
This article examines manufacturing systems 
that are human - and environment- conscious 
yet beneficial to economic growth, as a vision 
of what  manufacturing systems should pursue. 
By showing concrete examples of the kind 
of manufacturing systems that Japan should 
pursue to simultaneously achieve environmental 
conservation and economic growth, the article 
identifies challenges to be addressed through 
future R&D for ensuring sustainable growth of 
the Japanese manufacturing sector’s international 
competitiveness and building a human - and 
environment-conscious society.
2 Human and environmental
 issues listed in
 the MONODZUKURI
 Technology field
As Table 1 shows, the Third Science and 
Technology Basic Plan’s promotional strategy for 
the MONODZUKURI Technology field selects 
10 issues as major research themes, seven of 
which include keywords relating to humans or 
the environment[1]. In particular, many of such 
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keywords appear in Key R&D Themes (6) to (9) 
in “Manufacturing technology areas with the 
potential for innovations and breakthroughs” 
u n d e r  S t r a t e g i c  P r i o r i t i z e d  S & T  ( 2 ) ,  
“Manufacturing process innovations to overcome 
resources, environmental and demographic 
constraints and serve as Japan’s f lagship.” As 
already mentioned, the promotional strategy 
in the MONODZUKURI Technology field sets 
“human-centered manufacturing practices” as a 
basic policy. For environmental consciousness, 
the promotional strategy in the Environment 
field refers to the “3Rs” (Reduce, Reuse, Recycle) 
technology research area, details of which are 
shown in Table 2 as an excerpt[4].
H u m a n -  a n d  e n v i r o n m e n t - c o n s c i o u s  
manufacturing systems are also chosen as a key 
issue in the “Science and Technology Foresight 
Survey” series study, which has been performed 
with the aim of providing useful information 
for the discussion of pr ior it izat ion in the 
Third Science and Technology Basic Plan. The 
Table 1 : Human- and environment-related keywords for production systems found in major research themes
 in the MONODZUKURI Technology field
Promotional strategies in the MONODZUKURI Technology field Keywords
1. Situation recognition
3. Strategic prioritized S&T (1)
Science-based KASHIKA (dissemination and accessibility) technology for 
manufacturing that further advances Japanese-style MONODZUKURI technology
2. Key R&D themes
Promotion of 
MONODZUKURI 
technologies (areas) 
serving as a common 
infrastructure
(1)  Enhancement of fundamental MONODZUKURI 
technologies based on IT
Japanese-style MONODZUKURI system 
technology
Human-centered MONODZUKURI practices
(2)  Development of new measuring and analysis 
technologies and equipment and new precision 
processing technologies to meet the needs of 
MONODZUKURI
MONODZUKURI environment facilitating 
collaboration of workers
Ensured safety of facilities and huge mechanical 
systems
(3)  Advancement of SMEs’ fundamental 
MONODZUKURI technologies 
(4)  MONODZUKURI technologies contributing to 
building huge mechanical systems
Safety and security of society and people
3. Strategic prioritized S&T (2)
MONODZUKURI process innovations to solve resources, environmental and 
population problems and serve as Japan’s flagship
2. Key R&D themes
Promotion of 
MONODZUKURI 
technologies (areas) 
with the potential 
for innovations and 
breakthroughs
(5)    MONODZUKURI technology to produce high 
value added materials to lead the world
(6)    MONODZUKURI innovation using robots to cope 
with a depopulating society
Human-centered MONODZUKURI practices
Collaboration with humans, safety, high-mix 
low-volume production, cell production support 
robots, work environment enabling women and 
elderly people to participate in MONODZUKURI
MONODZUKURI labor shortage
(7)   MONODZUKURI innovation using biotechnology
Energy-saving, environment-friendly 
MONODZUKURI technology
Environment-friendly, recycling-oriented society
(8)   Energy-saving MONODZUKURI processes
Energy-saving manufacturing technology
Low-loss production processes based on design 
support systems that take life cycle into account
(9)    Resource-efficient, environment-conscious 
MONODZUKURI technology 
Environment-conscious MONODZUKURI 
technology
3Rs (Reduce, Reuse, Recycle)
2. Key R&D theme
Human resources 
development/exploitation 
and preservation and 
refinement of skills
(10)  Promotion of the development and exploitation of 
human resources in MONODZUKURI
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production field in the “Delphi Analysis”[5], a 
survey in this series, cites two areas: “production 
t ech no log y  fo r  p r o duc t s  w i t h  s t r e ng t h  
which raises the value of the products” and 
“circulating type of manufacturing technology 
with a low environmental load.” The five most 
cited issues among the survey respondents as 
needing government involvement for technical 
rea l izat ion a l l fa l l  with in the “ci rculat ing 
type of manufactur ing technology with a 
low environmental load” area. The “Scenario 
Analysis”[6] of the foresight study series also 
underscores the importance of human-conscious 
manufacturing systems. The report selects 
“super large-variety small-volume manufacturing 
systems” as a science and technology area making 
major social and economic contribution and 
potentially originating innovative knowledge over 
the next 10 to 30 years. This implies the need 
for meeting diverse customer requirements, or 
in other words, the need for human-conscious 
manufactur ing systems capable of making 
products customized for individuals.
Another noteworthy movement relevant to 
the environment and industry is that the “White 
Paper on MONODZUKURI 2006”[7] declares 
that overcoming environmental constraints 
and ensuring business continuity (recovery 
from potential industrial accidents and natural 
disasters) for maintaining stable supply of 
products are two major chal lenges for the 
manufacturing sector. Similarly, the “Strategic 
Technology Roadmap” of  the Min ist r y of  
Economy, Trade and Industry draws up a strategic 
technology map in the 3Rs f ield, def ining 
the creation of a circulating type of economy 
and society as the goal [8]. Meanwhile, with 
widespread adoption of the ISO 14000 series 
standards, environmental issues constitute an 
essential part of today’s corporate strategy for 
any companies who want to exercise their 
corporate social responsibility (CSR). In this area, 
Japan’s legislation, which consists of a number 
of laws established under the umbrella of the 
Basic Environment Law, is designed to facilitate 
construction of resource - circulating systems 
in the phases of manufacturing/consumption, 
re-merchandising, and recycling.
3 Manufacturing systems in
 the MONODZUKURI
 technology field
3-1 Influence of the manufacturing sector on
 other sectors
Figure 1 shows the influence that an increase 
or decrease in the Japanese production sector’s 
volume of domestic manufacture has on those of 
other industries, as described in the White Paper 
on MONODZUKURI 2006[7].
With this chart, the White Paper suggests that 
the production sector exerts a greater impact on 
the volumes of domestic manufacture of other 
industries than the service sector in a broad 
sense does. More specifically, by the weighted 
average among industries in the production 
sector, when an industry in the domestic sector 
increases its volume of domestic manufacture 
Table 2 : Major research themes in the 3R technology research area in the Environment field
Promotional strategies in the Environment field (excerpt)
3R technology research area
Key R&D themes (42) and (46) are strategic prioritized S&T in the 3R technology research area
Key R&D themes 
Program 1: Technologies to 
design, evaluate and support 
production/consumption systems 
in a resource-recycling society
(42) System analysis/evaluation/design technologies to practice the 3Rs
(43) Technologies to support construction of social systems to promote the 3Rs
(44) Technologies for 3R-oriented product design, production, distribution and information management
Key R&D themes
Program 2: Technologies to 
manage recycled resources by 
usefulness and harmfulness
(45) Technologies to support testing, evaluation and standards setting of recycled products
(46)  Technologies for useful material exploitation and hazardous material management to meet 
international 3R initiatives
Key R&D themes
Program 3: Technologies for 
proper treatment/disposal of 
recycled/waste materials
(47) Technologies to utilize untapped resources according to regional conditions 
(48) Recycling technologies adaptable to social maturity and technological changes
(49) Technologies for next-generation waste treatment and for ensuring safety and security
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through its own manufacturing activity by one 
unit, other production industries’ volume from 
manufacturing activity grows by 0.30 unit, 
and non-production industries’ by 0.48 unit. 
Combined with the effect on the volume of the 
own industry, the increase totals 2.10 units[7]. 
This is greater than the weighted average among 
industry sectors in the broad - sense service 
sector, 1.52. In short, the growth or decline 
in the added value amount of the production 
sector not only directly influences the volume of 
domestic manufacture of the specific industry, 
but also indirectly contributes to an increase 
or decrease in the added value amount of other 
manufacturing and non-manufacturing industries.
Manufactur ing systems could contr ibute 
greatly to increasing the manufacturing sector’s 
volume of domestic manufacture through its 
own production activity, because they are (A) 
mechanisms to make products in the production 
sector and (B) capable of managing tota l  
optimization of value chains.
3-2 Traditional frameworks of manufacturing
 systems
To expl a i n  e f for t s  to  d a te  to  adva nce  
manufacturing systems, this section describes 
the transition of manufacturing systems over 
years. Figure 2 shows changes in manufacturing 
methods and systems.
(1) Centralization and decentralization of
 manufacturing facilities[9,10]
Manufactur ing faci l it ies are divided into 
several functional units, such as processing, 
assembly and parts -transfer facilities. Computer 
integrated manufacturing (CIM) is a system 
that centrally controls these different units 
of facil ities and integrates them with other 
plants’ operations and corporate managerial 
information for total management. Large-scale 
CIM systems have already developed for practical 
use. Manufacturing systems are moving toward 
distr ibuted management nowadays because 
centralized management is susceptible to changes 
in demand and equipment condit ion. The 
notion of giving each facility unit the capability 
of  autonomous operat ion for  d i s t r ibuted 
management is known as the autonomous, 
distributed, cooperative manufacturing system.
(2) Manufacturing adaptable to variety of
 product and manufacturing volume[9,10]
Manufacturing one or a few variations of 
Weighted averages among industry sectors in the production industry and 
those in the broad-sense service industry
Average among 
industry sectors in 
the production 
industry
Average among 
industry sectors in the 
broad-sense service 
industry
Influence on the volume of domestic 
manufacture of other industries
Influence on the volume of domestic 
manufacture of other sectors in the 
same industry
Influence on the volume of domestic 
manufacture of own industry
The White Paper on MONODZUKURI 2006 estimates the influence that an increase or decrease by 
one unit in domestic manufacture in an industry has on the volume of domestic manufacture of all 
Japanese industries, including the own industry, with respect to 30 industries (including 14 production 
and 7 service industry sectors) identified through consolidation of 50 industries. The service industry 
in a broad sense refers to education, research, medical and health care, public service, corporate 
service, personal service, wholesale and retail, finance and insurance, real estate, and transport and 
communications. The White Paper uses the “Abbreviated Extended Inter-Industry Relations Table 2004” 
as a reference. Quoted from “White Paper on MONODZUKURI 2006”
Figure 1 : Influence of a one-unit increase in a production industry’s volume of domestic manufacture through
 its own manufacturing activity on the volume of domestic manufacture of all Japanese industries 
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high quantity goods is called small variety large 
volume manufacturing, which is represented 
by the Ford Production System of the U.S. auto 
maker Ford Motor Company. As opposed to 
this, manufacturing of large variety and small 
to medium volume of products to meet a wide 
variety of needs and usage is typically enabled 
through a flexible manufacturing system (FMS). 
Nowadays companies pursue variable -variety, 
variable-volume production to adapt to dynamic 
and fast changes in the quantity and models 
being produced. A typical example is the cell 
production system.
However, all production methods and systems 
listed in Figure 2 coexist because centralized 
management and small variety, large -volume 
production are still effective for many products.
3-3 Human- and environment-oriented
 conception of manufacturing systems
Fig u re  3  depic t s  t he  s t r uc t u re  o f  t he  
“manufacturing system adapted to humans” 
and the “environment-conscious manufacturing 
system,” which this article describes as human- 
and environment-oriented systems[9 -12]. Major 
elements of the structure are explained below.
Manu fac tu r i ng sys tems for  product ion 
c a r r y  f u n c t i o n s  f o r  p r e m a nu f a c t u r i n g  
processes, such as data creation to enable 
computer-aided machining and assembly, and 
those for manufactur ing controls aimed at 
efficiently managing manufacturing lines as 
planned. Life cycle systems are a technology to 
optimize the cost of entire product life cycle, 
including operation and maintenance costs 
as well as production costs, based on time. 
Supply chain management (SCM) represents 
a technology to comprehensively manage all 
elements of procurement and sales activities 
conducted between the companies involved 
and optimize them by focusing on the flow of 
goods. This entails consideration of transport 
of products, since these interrelated companies 
are geographical ly dispersed. Specif ication 
requi rements for a manufactur ing system 
are growing in complexity year after year, as 
manufacturing systems continue to expand 
temporally and spatially.
Recent trends in R&D on manufactur ing 
systems are summarized below[9-12].
(a)  Capability to meet variable variable-variety 
and variable-volume
(b)  U t i l i z a t i o n  o f  h u m a n  c a p a c i t y ;  
Consideration of human characteristics
(c) Reduction of environmental load
(d) Quality improvement
(e)  Satisfaction of diverse customer needs (short 
delivery time, ease of use, customization)
(f) Safe facilities
On the global level, a notable initiative is 
Temporal change in 
manufacturing systems
Centralized 
management
1990s
Distributed 
management
Autonomous, distributed, 
cooperative manufacturing 
system
1970s
1990s
Large variety
Large-variety, 
small-/medium-
volume 
manufacture
Small 
volume
Large 
volume 
Small variety
Variable-variety, 
variable-volume 
manufacture
Cell production 
system
Ford Production System 
Small-variety, 
large-volume production 
Figure 2 : Changes in manufacturing methods and systems 
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“Manufuture - a vision for 2020,” a document 
compiled under the leadership of the European 
Commission in 2004. F. Jovane, a key member 
of the project, visited Japan in August 2006 and 
explained the strategic goals of Manufuture 2020 
as follows[13]:
(a)  Su s t a i nab le  compet i t i venes s  o f  t he  
European production sector
(b) Leadership in production technology
(c)  E nv i ron ment - f r iend ly  produc t s  a nd 
manufacture
(d)  Europe’s leadership in cultural, ethical, and 
social values
On the  other  hand,  Japan has  i t s  own 
initiatives in this area. One research project, 
mainly consisting of researchers in economics 
and business administration, centers on a 
manufacturing system encompassing everything 
from socioeconomic structure to industrial 
relations to technology management strategy. 
Some other examples are seen among projects 
selected under the 21st Century COE Program (in 
social science field)[14]. The projects listed below 
deal with manufacturing systems from the same 
perspective as the first example.
(a)  “Synthet ic  Research on Technolog y,  
Enterprise and Competitiveness,” Doshisha 
University
(b)  “Manufacturing Management Research 
Center,” University of Tokyo
4 Directions of manufacturing
 systems
4-1 Manufacturing system adapted to humans
T h e  p r o m o t i o n a l  s t r a t e g y  f o r  t h e  
MONODZ U K U R I  Tech nolog y  f i e ld  c i t e s  
“human-centered MONODZUKURI practices” 
as a basic policy, as mentioned earlier. An ideal 
manufacturing system pursued here is one that 
is economical yet friendly to humans. Although 
these two elements (human friendliness and 
economic efficiency) may seem incompatible, 
s o m e  r e s e a r c h  h a s  d e m o n s t r a t e d  t h a t  
human-centered manufacturing systems are more 
efficient than conventional ones.
Regional production system
Distribution of 
production processes 
among companies Life cycle system
Marketing 
development Design
Production
Premanufacturing Manufacturing management
Operation
Disposal
Collection
Evaluation/
Diagnosis
Maintenance
Other recycling
Recycling
Circulating type of 
manufacturing system3R-based system
Environment-conscious manufacturing system
Supply chain management 
Value chain
Manufacturing system adapted to humans
Cell production system
Manufacturing system for production
Sales 
After-sales
service
Figure 3 : Structure of human- and environment-oriented manufacturing systems
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(1) Expectations for manufacturing system
 adapted to humans
Two k inds of  people a re i nvolved in a  
manufacturing system: workers, who operate 
the system, and users (buyers) of the products 
manufactured by them. From this perspective, 
requirements for a manufacturing system adapted 
to humans, or human-centered manufacturing 
systems, are defined as follows:
(A)  From workers’ point of view, a manufacturing 
system adapted to humans means one that 
they can control for their convenience. The 
opposite of this is a manufacturing system 
that workers cannot regulate by their own 
decision, such as a conveyer-based assembly 
line, in which operators need to complete 
assigned assembly tasks according to the 
movement of the conveyer belt.
(B)  From the viewpoint of product users, a 
manufacturing system can be said to be 
adapted to humans if it enables users to buy 
or order products catering to their varied 
needs. This means being able to manufacture 
a variable (and many) kinds of products to 
meet even short-term changes in the product 
variety in demand, not simply providing a 
large variety of products over a long period. 
This model corresponds to variable-variety, 
variable -volume manufacturing l isted in 
Figure 2. The opposite model would be large-, 
but fixed-, variety manufacturing, and small 
variety manufacturing that does not allow 
users to purchase products suitable for their 
needs and preferences whenever they want, 
or that give users little freedom of choice.
A manufacturing system that satisfies the above 
two requirements (A) and (B) while benefiting 
both manufacturing efficiency and quality is 
the cell production system, which is stated in 
Section 3-2 (2) (Figure 4)[9,10]. No other models 
that is of a practical level have been proposed so 
far that successfully incorporate economical yet 
human-centered design. Companies running cell 
production systems publicize on their web sites 
benefits brought by the new production model, 
such as improvements devised by workers and a 
sense of fulfillment workers have found[15].
(2) Structure of the cell production system
 and factors behind its effectiveness
Why can the cell production system meet 
the above two requirements and why is it 
proven effective in improving manufacturing 
eff iciency and quality? These questions are 
answered below through an explanation of the 
structure of the cell production system and 
factors behind its effectiveness. Requirement 
(A), a manufacturing system designed to fit 
workers, is fulfilled through the factor described 
in 1), and Requirement (B), variable -variety, 
variable-volume manufacturing to cater to user 
needs, through 2) to 4).
Figure 4 : Comparison of the line and cell production systems
Line production system
Unit assembly Product assembly
Parts Product A
Worker 1 Worker 2 Worker 3 Worker n 
Cell production system
Parts Parts Parts PartsProduct A Product A Product A Product A
Unit assembly Unit assembly Unit assembly Unit assembly
Product assembly A Product assembly A Product assembly A Product assembly A
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1)  In a cell production system, one to several 
workers constitute a work station called the 
cell, in which a product is completed by a 
single worker who undertakes the entire 
assembly process. The number of cel ls 
depends on the manufactur ing quantity 
(Figure 4). A stronger sense of responsibility 
for each product encourages workerss to 
devise ideas to improve their work and 
equipment. By contrast, in a line production 
system, each worker acts like an incorporated 
function of a process.
2)  In the cell production system, products are 
completed one at a time at each cell. The total 
volume of manufacture may be adjusted by 
increasing or reducing the number of cells 
assembling the same model. This contrasts 
with the line production system, in which 
manufacturing takes place on a lot basis and 
is therefore subject to overmanufacturing 
or waste. For example, in a production line 
with a lot size of 100, the volume can only be 
adjusted in increments of 100, which means 
that even when the required quantity is 120, 
200 units must be made. On the other hand, 
no wasted manufacturing occurs in the cell 
production system because of its ability to 
regulate volume in increments of 1 unit. 
In addition, cells are so easy to install that 
manufacturers can quickly respond to changes 
in volume of manufacture by simply changing 
the number of cells.
3)  As Figure 4 shows, the cell production system 
can have multiple exits for finished products, 
thereby enabling concurrent manufacturing of 
many varieties of products like A1, A2, . . . An.
4)  S i n ce  t h e  ce l l  p r o d u c t i o n  s y s t e m  i s  
self - contained, a worker’s capacity affects 
only his or her own cell, and not other cells. 
In the line production system, which consists 
of a succession of processes each of which is 
assigned to a single person, the least efficient 
process determines the manufactur ing 
efficiency of the entire system.
Items 2) to 4) describe advantages of the 
cel l production system, in which products 
are assembled one at a time by one to a few 
operator s .  They enable  va r i able - va r iet y,  
variable-volume manufacturing and help improve 
economic efficiency.
Item 1) refers to workers’ willingness and 
capability, and implies that workers tend to 
develop a sense of ful f i l lment and become 
more committed to the products they handle 
when multiple tasks are assigned. This often 
results in a higher motivation among worders 
and prompts them to propose ideas to improve 
work procedures, eventually contributing to 
improved manufacturing efficiency and quality. 
Research indicates that although a cell production 
system right after launch may not as efficient 
as conventional line production, the efficiency 
and quality improve with time to a point that 
outperforms line production.
(3) Basic structural problems, mechanisms
 and supplementary activities for cell
 production systems
The cell production system is a manufacturing 
model for making up products through an 
assembly process directed by humans, and in 
principle consists of work stations to which one 
to a few workers are assigned. However, this basic 
structure brings on several problems, to each of 
which remedies have been proposed in the form 
of improvement mechanisms or supplementary 
activities, as shown in Table 3.
(4) Examples of research aimed at
 expanding the applicability of cell
 production systems
(i)  Research on unmanned cell manufacturing 
systems
Cel l production systems are not suitable 
for  produc t s  w i t h  too  m a ny  m a n - hou r s  
for assembling by a single person or those 
incorporating heavy parts, as cited under (5) in 
Table 3. Solution to this problem is being sought 
from two different perspectives: (a) replacing 
human workers in cells with multi - function 
robot s  and ( b)  developi ng hu man - robot  
co l l abor a t ion  s y s tem s.  T hese  concept s ,  
called robot cell production systems, pursue 
unmanned manufacturing systems for enabling 
variable-variety, variable-volume manufacturing 
and improving manu factur ing rel iabi l it y,  
rather than human-centered ones. However, it 
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is unlikely at least for the next five years that 
manufacturers will see practical robots that 
can completely substitute for human workers, 
with capabilities of performing tasks requiring 
carefully coordinated movement of both hands 
and meeting frequent change in the assembly 
procedure. On the other hand, there is a large 
need for research aimed at an ultimate unmanned 
manufacturing system, or a scheme known 
as low cost automation (LCA), to save human 
workers from human-unfriendly manufacturing 
processes, such as handling toxic chemicals and 
working in a high-temperature environment, that 
do not require variable-variety, variable-volume 
manufacturing. However, directions of such 
research are different from the ones that cell 
production systems essentially pursue.
(ii)  Research on devices that extend human 
ability
This section primarily describes results of 
recent university research projects aimed at 
developing devices to extend human ability 
through human-centered structure, which is a 
major factor of the success of cell production 
systems. Since limitations of human ability are 
the major reason for inapplicability of current 
cell production systems, attention should be paid 
to research on (a) wearable devices that extend 
human ability and (b) devices that humans can 
control at their will. Figure 5 depicts the images 
of such research concepts.
An example of devices that humans can control 
at their will is a combination of a head-mounted 
display and a computer-aided assembly machine 
that superimposes computer graphics models 
of parts and equipment on the real images of 
them in a way the operator can refer to work 
procedures and relevant data.  Through a 
user-friendly, error-resistant control panel, the 
worker would control this system at his or her 
will with ease and have it perform tasks. As a 
result, the system could reduce the worker’s 
man-hours for assembly, thereby improving his or 
her work efficiency.
Example 1 of wearable devices that extend 
human ability in Figure 5 is an idea of using 
sensors that key sk i l led workers in a cel l  
production system wear on their fingertips. These 
sensors, aimed at increasing work efficiency, 
will allow workers to identify the temperature 
of a part just by touching it with their fingertips. 
E lec t ron ic  a r t i f i c i a l  sk i n  u s i ng  or ga n ic  
semiconductors (a multi - function sensor that 
can be worn on the hand)[16] in the same chart 
is a research project pursuing a flexible device 
consisting of numerous tactile sensors. This is 
an attempt to extend human sensing ability. A 
devise that is as easy to wear as work gloves yet 
has various sensing capabilities beyond humans 
would bring significant benefits.
Example 2 of wearable devices that extend 
human ability is a device that can be worn on 
the arm to extend human ability in accurate 
Table 3 : Challenges for the basic structure of cell production systems, 
 and mechanisms and supplementary activities to solve them
Challenges for the basic structure of cell production systems Examples of mechanisms and supplementary activities to solve them
(1)  Because of assignment of multiple tasks, it takes longer 
for workers to acquire skills than they would in a line 
production system, in which fewer tasks are assigned.
•   Creating better training systems, manuals, work procedures before 
the launch of a cell production system 
(2)  Efficiency and quality vary depending on personal 
capability due to greater reliance on humans.
•  Education on scientific work analysis methods
•   Product design for ensuring compliance with quality requirements at 
all cells
(3)  The flow of goods is complex because of the concurrent 
operation of many production stations, each of which has 
a parts feeding port and an exit for products.
•   Management to optimize the complex flow of goods, including parts 
supplied to cells and products being shipped (Utilization of SCM)
(4)  Introducing expensive equipment is difficult because of 
a large number of cells, and facilities design requires 
consideration of operator safety and ease of use. 
•   Automated equipment equipped with a control panel with a 
user-friendly, error-resistant interface, to give control to the operator
•  Production facilities with advanced mechanisms for error prevention
•  User-friendly jigs to support efficient assembly
(5)  Application to products with too many man-hours for 
assembly by a single person or those incorporating 
heavy parts is not feasible.
•  Partial introduction of line production using conveyer belts
•  Assembly by a few operators through teamwork 
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positioning as well as physical strength. Such 
research examples on power - assist tools [17] 
are attempts to enhance workers’ handling 
ability. These devices would enable skilled cell 
production workers to (i) perform tasks more 
suitable for machines than humans, such as 
accurate positioning, and (ii) deal with heavy 
products, to which cell production systems are 
said to be difficult to utilize.
The most promising research direction with 
regard to manufactur ing systems adapted 
to humans for  the t ime being shou ld be 
advancing cell production systems. Individuals 
engaged in cell production systems are skilled 
MONODZUKURI workers as well as technicians 
who may be able to advance their current cell 
production systems through improvements 
or  proposa l  o f  i mprovement  idea s .  Ce l l  
production systems are characterized by high 
flexibility enabled by humans who control the 
entire process. This motivates workers and 
consequently makes manufacturing systems 
highly efficient. These facts suggest important 
two directions of research: human - centered 
wearable devices that extend human ability 
and devices that humans can control at their 
will. Research efforts should also be made for 
cell production systems applicable to a wider 
range of products, such as those incorporating 
heavy parts, and more adaptable to increasingly 
dynamic change in product variety and volume, 
driven by diversifying user needs.
4-2 Environment-conscious manufacturing
 systems
As mentioned earlier, the Third Science and 
Technology Basic Plan stresses simultaneous 
achievement of environmental conservation 
and economic growth as a policy goal. A wide 
range of activities are taking place in Japan, such 
as publication of reports on research trends in 
materials and waste treatment[18-20] and symposia 
on manufacturing systems seeking to bring 
benefits to both environmental conservation and 
economic growth[21].
Figure 5 : Conceptual images of future directions of cell production system research
Example 1 of a wearable device that 
extends human ability
Sensors worn on the fingertips
Protective film
Pressure-sensing 
rubber 
Organic transistor 
array
Pressure sensor Cluster of more than 
1,000 pressure sensors
Several pressure
sensors
A large flexible sensor glove 
consisting of numerous 
pressure sensors
This example is cited from a research 
project on electronic artificial skin (organic 
semiconductor-based sensors). (Reprinted 
with the permission of Associate Professor 
Someya at the University of Tokyo Graduate 
School.)
Parts Parts A
Example of a device freely 
controllable by humans
A head-mounted display and a 
computer-aided assembly machine 
A control panel that provides a 
user-friendly, error-resistant 
interface through superimposition 
of computer graphics on real 
images
Unit assembly 
Product assembly An 
Example 2 of a wearable device that extends human ability
Assist suit that can be worn on the arm 
for precise positioning and physical 
power assistance 
This example is a mechanical suit for 
physical power assistance. Shown here 
is a demonstration model made of soft 
fabric and air-operated soft rubber 
actuators (also known as artificial 
muscles). (Reprinted with the permission 
of Professor Ikeda at the Osaka 
University Graduate School.) 
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(1) Structure of environment-conscious
 manufacturing systems
The ideal structure of an environment-conscious 
manufacturing system is shown in Figure 6. In 
general, the life cycle as a whole can shift to the 
circulating type by considering two mutually 
opposite processes: the process for making 
products, and the inverse process to deal with 
end-of-life products, which consists of collection, 
disassembly, inspection and sorting. Although it 
would be best if collected products’ parts were 
reused, they are recycled as materials at the end 
of the inverse process. On the other hand, there 
is a notion of reducing unnecessary maintenance 
through parts replacement only as needed, 
which is known as condition-based maintenance 
(CBM). In CBM, parts are replaced according to 
their condition rather than at specific intervals. 
Many products are subject to periodical parts 
replacement throughout their operational lives to 
maintain performance. However, if the remaining 
lifetime of individual parts is predictable, they 
may be saved from unnecessary replacement, 
consequently reducing the environmental load. 
The cycle of “Operation - Health Assessment 
& Prognostics - Maintenance” displayed in 
Figure 6 represents CBM activities. In the health 
assessment & prognostics phase, maintenance 
decisions are made by estimating the remaining 
lifetime of parts based on a database interrelating 
the number of  operat iona l  years and the 
operating environment of end-of-life parts with 
their degree of deterioration (the fundamental 
database for lifetime prediction).
(2) Challenges for circulating type of life cycles
A n impor tant considerat ion in product 
design is maintaining a balance between two 
factors that can be mutually contradictory: 
ease of assembly in the normal process and 
ease of disassembly in the inverse process. 
The design of a manufacturing system for the 
normal process must take the inverse process 
into account. Considerable uncertainty of parts 
supply through the inverse process makes supply 
chain management (SCM) complex. For total 
optimization of a manufacturing system, as in 
Figure 6, it is better if concerned companies are 
regionally concentrated. That is to say, a “regional 
production system” should be constructed to 
facilitate total production optimization, including 
coordination of companies engaged in the normal 
process and those specializing in the inverse 
process, through a regional concentration of 
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Figure 6 : Environment-conscious manufacturing system
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normal- and inverse-process industries. To enable 
circulating type of life cycles, research is needed 
in SCM and other technologies to optimize both 
assembly and disassembly processes across 
separate companies.
(3) Challenges for condition-based maintenance
Figure 7 represents the notion of condition-based 
maintenance (CBM). The cycle of “operation - 
health assessment & prognostics - maintenance” 
in Figure 6 refers to CBM activities.
A l thoug h theoret ica l l y  e s t i mat i ng  the  
remaining lifetime of a part from its condition is 
not easy, a database interrelating the number of 
operational years and the operating environment 
of  end - of - l i fe  par t s  with thei r  degree of  
deterioration based on analysis of those parts 
would contr ibute to f itness evaluation and 
diagnosis of parts in use. As shown in Figure 
6, parts that have been determined not to be 
reusable as a result of “inspection/sorting” after 
“unit disassembly” in the inverse process may be 
utilized for creating such a database. The database 
would serve as the fundamental database for 
lifetime prediction. In Figure 7, the sequence “1-2 
→ 1-3 → 2-3 → 2-2” represents the maintenance 
cycle in CBM. The fundamental database for 
lifetime prediction would be useful in the process 
2-2 “health assessment & prognostics.” Accurate 
estimation of the remaining lifetime of parts is 
essential in this process. To improve prediction 
accuracy, research should be conducted on 
technology to measure the parts condition during 
“inspection/sorting” in the inverse process, on 
data models for the fundamental database for 
lifetime prediction, and on algorithms for such 
prediction. In summary, there is a need for 
research on CBM technologies that are effective 
for reducing waste generated from periodical 
replacement of parts before the end of useful life.
(4) Challenges for total optimization of
 environment-conscious manufacturing
 systems
Technologies to reduce the necessary amounts 
of resources and activity in specific sections of 
the manufacturing process can increase those 
amounts elsewhere in the process. For example, 
as far as the inverse process is concerned, an 
efficient recycling method is simply grinding 
collected products into small chips and reusing 
them as materials, rather than disassembling 
them at the expense of time and effort. However, 
this method will make it impossible to collect 
parts in a form useful as source data for CBM. 
This suggests that research only considering the 
rationality of a subsystem, such as disassembly, 
cannot produce enough effects of reducing total 
environmental loads.
A variety of studies are in progress to establish 
circulating type of li fe cycles through both 
normal and inverse processes[12,21]. Even local 
government are making efforts based on the 
results of national projects. In expectation of 
contribution to safe operations and preventing 
stoppage due to failures in the operation of 
products, CBM is studied as a technology that 
initiates a shift from periodical maintenance 
to maintenance on an as -needed basis through 
examination of the deterioration of parts. The 
structure of such a system is under discussion for 
standardization by ISO. Although circulating type 
of life cycles and CBM are currently two separate 
research themes, arguments in this ar ticle 
states that these two issues are closely related 
to each other, with respect to the total amounts 
of necessary resources and activity throughout 
a product’s life cycle. Comprehensive research 
Operation planning & 
scheduling
Performance & 
capacity management
Maintenance planning
 & scheduling 
Operation monitoring & 
data management
Fitness evaluation/
diagnosis & 
prediction system
Maintenance & 
tracing system 
Figure 7 : The cycle of operation - health assessment & prognostics  - maintenance
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aimed at achieving an effect on minimizing those 
amounts in the entire life cycle is essential.
5 Conclusion
This a r t icle has presented examples of  
manufactur ing systems that Japan should 
pursue in an attempt to achieve environmental 
conservation and economic growth at the same 
time. Here is a summary of what this article 
proposes as particularly notable directions of 
future R&D in Japan.
(1)  Research on manufactur ing systems on 
a partial or subsystem level leads to local 
solution of problems, possibly generating 
contradiction between solutions from a broad 
view. Although many key issues concerning 
manufacturing systems are identified by the 
government in its promotional strategy by 
field, optimization of the entire system should 
be taken into consideration in establishing 
concrete goals.
   Breakthroughs in manufacturing systems 
are expected to contribute to increasing 
the added value of the production industry, 
wh ich has a  l a rge in f luence on other 
i ndust r ies.  In  par t icu la r,  human -  and 
envi ronment - conscious manufactur ing 
systems proposed in this article have a great 
potential for generating social and economic 
value. Japan should conduct R&D that takes 
into account the entire manufacturing system 
with the aim of raising the standard of 
Japanese industries across the board.
(2)  There are two directions that human-conscious 
manufacturing systems should pursue: cell 
production systems based on human-centered 
framework that are (i) quickly adaptable 
t o  i n c r e a s i n g l y  d y n a m i c  c h a n g e  i n  
product var iety and volume, dr iven by 
diversifying user needs, and (ii) applicable 
to a wider range of products, such as those 
incorporating heavy parts. Adopting cell 
production systems will motivate workers 
and can consequently improve manufacturing 
efficiency and quality through improvements 
to work procedures devised by motivated 
workers.  To enable wider appl icat ion, 
research efforts should be focused on the 
following issues:
(i)  Wearable devices that extend human 
ability
(ii) Devices freely controllable by humans
(3)  Envi ronment - conscious manufactur ing 
systems shou ld be advanced toward a 
structure that combines a life cycle consisting 
of the normal and inverse processes with the 
fundamental database for lifetime prediction, 
which is useful for CBM. To this end, research 
on technologies to reduce the consumption 
of resources by enabling the reuse of parts 
should be promoted along with the following 
research issues:
(i)  Opt imiz ing technolog ies including 
SCM for both assembly and disassembly 
processes across separate companies 
involved in a circulating type of life cycle
(ii)  CBM technologies based on the prediction 
of the remaining useful l i fe of parts, 
which are effective for reducing waste 
generated from periodical replacement of 
still useful parts; especially technologies 
for improving the accuracy of such 
predictions
Through research in these areas,  Japan 
should seek for manufacturing systems that 
can minimize the total amounts of necessary 
resources and activity throughout a product’s life 
cycle.
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7
Trends in the Utilization of
Telecommunications Satellite Systems
TERUHISA TSUJINO
Monodzukuri Technology, Infrastructure and Frontier Research Unit
1 Introduction
“The telecommunications satellite system” is 
one of the important research and development 
themes in the frontier f ields of the Third 
Science and Technology Basic Plan [1].  The 
telecommunications satell ite system, which 
ensures safety and security as well as enabling 
long - distance and wide - area broadcasting, 
is one of the typical products of practical 
space development and has now become an 
indispensable infrastructure for the construction 
o f  u b i q u i t o u s  n e t wo r k s  t h a t  i n t e g r a t e  
communications systems such as terrestrial 
optical f iber networks and submarine cable 
systems. Benefits of satellite communications 
include: provision of an alternative means of 
communication in the event of a communication 
blackout due to terrestrial disasters; provision 
of radio wave-based communications to isolated 
islands and remote areas where terrestr ial 
infrastructures are not fully developed; swift 
adaptability in TV broadcasting and support for 
emergency activities where mobility is required; 
and uti l ization in mobile platforms such as 
aircraft and ships that cannot communicate 
directly with terrestrial networks. Terrestrial 
te lecom mu n icat ions  i n f r a s t r uc tu res  and 
telecommunications satellite systems in space 
are now in a complementary relationship, 
wherein roles are shared, rather than being in a 
competitive relationship.
From the viewpoint of scientific and technical 
development, telecommunications systems that 
use geostationary satellites are already operating 
commercially, and the prevailing opinion is 
that the technology has reached complete 
maturity so that there remains little room for 
new technological development. There is also a 
contrary viewpoint that satellite communications 
tech nolog y has  not  f u l ly  evolved [2 ].  The 
technology roadmap for telecommunications 
satel l ites prepared by the Japan Aerospace 
Exploration Agency ( JAXA) assumes that after 
the demonstration of new communication 
functions, which will be developed based on the 
Third Science and Technology Basic Plan, the 
construction of a common platform based on 
Internet protocol (IP) (including the integration 
of telephone systems and television broadcasting 
systems into the Internet) and the creation of 
more sophisticated satellite television systems 
using the 21GHz band wi l l be real ized by 
around 2020 as a result of advances in satellite 
communications technology. It is also expected 
that further innovation will be facilitated by the 
advent of conversion from communications based 
on electromagnetic waves to that based on light 
quantum communications[3]. European countries 
and China are planning to conduct experiments 
on quantum cryptography communications 
between the earth and manned spacecraft.
This article outlines the present utility of 
the telecommunicat ions satel l ite systems 
f r om t he  v i e w p o i nt  o f  app l i c a t ion  a nd  
Japan’s communications policy. This policy 
a ims at  ensur ing sa fet y and secur it y and 
increasing user convenience by utilizing the 
telecommunications satel l ite systems to be 
developed and demonstrated over the period 
covered by the Third Science and Technology 
Basic Plan (up to FY 2010). Furthermore, trends 
in research on quantum space communication, 
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which is still in its infancy, will be described 
because European countries and China are 
planning to begin experiments on long-distance 
quantum cryptography communications on a 
global scale between manned spacecraft and the 
earth in the next few years.
2 Effectiveness of
 telecommunications satellite
 systems from
 the viewpoint of application
2-1 Utilization of satellites in basic
 telecommunications
I n  J a p a n ,  t h e  f o l l o w i n g  c o m m e r c i a l  
geostationary telecommunications satell ites 
are in constant operation: “N-STAR” of Nippon 
Telegraph and Telephone Corporation (NTT) 
(transferred to JSAT Corporation in 2000), 
“B - SAT” of  Broadcast ing Satel l i te  System 
Corporation, “JCSAT” of JSAT Corporation[4], 
and “Superbird” of Space Communications 
Corporation (SCC)[5]. Thus, the utilization of 
satellite communications meeting the basic needs 
of information communications is growing, 
including bidirectional communications in the 
transmission of emergency information, delivery 
of TV programs, correspondence education, 
symposiums, and other events. The benefits 
of satel l ite communications can be clearly 
seen in direct broadcasting and one - to -many 
com mun icat ions r ather  than i n  bi l ater a l  
communications between two points. This 
means that multi - channel broadcasting using 
telecommunications satellites is the primary 
source of profits for satellite communication 
prov ider s  such a s  JSAT.  T hese  Japa nese  
telecommunications satellites have been procured 
from worldwide sources since Japan agreed with 
the U.S.A. to abide by the provisions of the Super 
301 Clause*1 in 1990.
In Japan, more than 30 satellites produced in 
the U.S.A. have been launched using European 
and American launch vehicles. In August 2006, 
JSAT launched “JCSAT-10” made by Lockheed 
Martin using an Ariane-5 launch vehicle produced 
in Europe. The order for “Superbird-7” (Space 
Communications Corporation), scheduled for 
launch in 2009, was placed with a Japanese 
satellite manufacturing company (Mitsubishi 
Electric Corporation).
The size of the global telecommunications 
satel l ite market is about ¥300 bi l l ion per 
annum. In recent years, developing countries 
in South America and Africa, which lag behind 
in terms of in frastructures for ter restr ia l  
communicat ions,  a re going to launch, in 
succession, telecommunications satellites made 
by the U.S.A., European countries, and China 
in order to improve thei r communicat ion 
i n f r a s t r u c t u r e s .  T h i s  i s  e v i d e n c e  t h a t  
telecommunications satellite systems are of even 
greater benefit in thinly-populated areas. In 
Japan too, there are thinly-populated areas such 
as mountain - ringed regions, and the positive 
use of telecommunications satellite systems will 
contribute to the efficient elimination of the 
digital divide.
2-2 Utilization of satellite communications in
 disasters and emergencies
In order to build robust communications 
systems that are able to withstand disasters, it 
is necessary to prepare measures based on the 
assumption that all the terrestrial communication 
infrastructures wi l l be adversely af fected. 
Actually, such application research is presently 
being conducted and products are already 
available on the market. The following are some 
examples of communications systems that utilize 
satellites.
(1) Instantaneous emergency alarm system
 and simultaneous multiple address system
From 2004, a nat ionwide instantaneous 
alarm system ( J -Alert)[6], by which alerts for 
earthquakes, seismic surges, volcano eruptions, 
meteorological disasters, armed attacks, etc. 
are sent to prefectural governments and city 
offices from the Japan Meteorological Agency 
and Cabinet Secretar iat v ia a commercia l 
communications satellite (Superbird) to certain 
areas, started to operate in 2004. It is expected 
that coverage will be widened to include more 
areas in the future. It must be understood that the 
terrestrial communication cables can be easily 
damaged at any time by natural disasters such as 
earthquakes, fires, and lightning strike, floods, 
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or human-generated disasters such as a terrorist 
attack; therefore, it is an important issue to 
establish a satellite-based communications system 
as the core transmission channel.
In addition, Japan should develop a satellite 
system that enables immediate information 
transfer to the public regarding disasters and 
emergency management a s  an impor tant  
infrastructure. The necessity for having such 
satellites is described in JAXA’s long-term vision[7] 
published in March 2005.
(2) Communication on disaster site
It is very important to secure communication 
in frastructures at disaster sites. A f ter the 
ear thquake that occurred in Indonesia in 
May 2006, the Japan Ground Sel f Defense 
Force, Japanese Red Cross Society, and NPO’s 
provided assistance to victims and contributed 
to the rescue work at the disaster sites. The 
communication tools used by these rescue 
parties depended on the portable terminals of 
the Iridium satellite system deployed by the 
U.S.A. rather than on terrestrial communications 
systems[8]. While the communication channels 
at the disaster site itsel f were practica l ly 
useless due to traffic congestion, the rescue 
work was conducted smoothly thanks to the 
communicat ions provided via the Ir idium 
satellites. Sixty- six Iridium satellites in low 
altitude orbit cover the entire planet. In the area 
from the Middle East to Africa, portable terminals 
linked to the Thuraya satellite[9], operated by 
a company of United Arab Emirates (UAE), are 
used. Japan is unquestionably behind the rest 
of the world in establishing communication 
infrastructures to deal with disasters.
(3) Communication support by emergency
 helicopters
The ratio of helicopters to total aircraft is very 
high in Japan and it can be said that the country is 
a helicopter powerhouse. It is widely recognized 
that helicopters are effective tools in disaster 
relief when large-scale earthquakes or landslides 
have occurred. However, since hel icopters 
are not provided with communication links to 
arbitrary terrestrial spots, it is difficult for them 
to transmit photographs and video images they 
have taken without support from the ground to 
relay these images. For example, when a disaster 
relief helicopter is sent to a location outside its 
base station territory, an information gathering 
vehicle (Heli -Tele receiving vehicle)[10] follows 
the helicopter relaying the communications. 
However, it must be noted that the vehicle may 
not be able to keep up with the helicopter where 
a disaster has damaged roads.
In Japan, emergency medical hel icopters 
(Doctor-Heli) are deployed at ten hospitals and 
the emergency care centers of nine prefectures 
as of October 2006, and these contribute to 
the evacuation or rescue of victims. However, 
it has been pointed out that Japan is behind 
the rest of the world in this field because the 
number of emergency medical helicopters is 
still small compared with European countries 
and U.S.A. Emergency medical helicopters are 
equipped with medical devices exclusively 
for emergency medical care, and emergency 
medical care special ists and nurses are on 
board to carry out emergency medical care on 
the spot and transport victims to hospitals in 
response to a request from the fire department, 
etc. Securing frequencies for communication 
with the ground in the operation of emergency 
helicopters is an issue that still needs to be 
resolved. For the operation of such helicopters 
in an emergency, communication using satellites 
that provide a broad frequency band would be 
preferable. Since a helicopter has huge rotor 
blades turning above the body of the craft, it is 
necessary to use a communications system that 
is synchronized with the rotation angle of the 
rotor so that communication with satellites is 
enabled through the gaps between the rotors 
while they are rotating at high speed. There has 
just been a successful test communication with 
a geostationary satellite through providing active 
phased array antenna (APAA) on the both sides of 
the fuselage.
2-3 Satellite communications in mobile objects
(1) Applications to aircraft and ships
Communication technologies for mobi le 
platforms such as aircraf t and ships using 
communications satellites and operating systems 
are now being established.
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Recent commercial aircraft are equipped with 
a radome in which a 360 - degree antenna is 
installed so that satellite communication is always 
available. Although satellite communication using 
the Ku band often suffers from significant radio 
wave attenuation during rainfall, commercial 
planes that fly at high altitudes are not affected 
by the weather and can receive high-quality radio 
waves from within satellite’s visual range.
Ships are also mobile platforms that cannot 
use terrestrial lines for communication as in the 
case of aircraft, and satellite communications 
have become the pr imar y communicat ion 
tool, replacing conventional short-wave radio 
communications while vessels are at sea and 
are out of sight of land. The main satellite for 
this purpose is the INMARSAT satellite that uses 
the L band, and relatively low- cost antennas 
are installed in the ships. Since the maximum 
communication speed of the INMARSAT satellite 
at present is 432 kbps, which is rather low, a 
high-speed satellite communication service using 
the Ku band has started operation[11].
(2) Telecast via satellites
V id eo  pr o duc t ion  d ep a r t me nt s  o f  T V  
companies value high quality video content, 
and the ability to rapidly prepare equipment 
and materials for on - the - spot news coverage 
of events and accidents and to secure the 
transmission of images are the major advantages. 
The technology for TV broadcast ing vans 
used in the field has advanced remarkably in 
recent years. The Satel l ite News Gathering 
(SNG) vehicle has been developed to meet 
such requirements as reduced preparation time 
for video recording, improvement of image 
quality using a high-definition video camera, 
and provision of enhanced programs. While a 
certain period of time is normally required to 
establish a communication channel by adjusting 
the direction of antenna, the mobi le SNG 
vehicle using advanced antenna technology can 
establish the channel while traveling to the site, 
Relationship between frequency and wavelength of electromagnetic wave
Both radio waves and light that are used in communication are forms of electromagnetic waves 
and have the following relationship: wavelength × frequency = speed of light (about 300,000 km/s). 
The wavelengths of radio waves are considerably longer than those of light. Radio waves having 
a wavelength between about 1 cm and 1 m are called microwaves, which are further divided by 
frequency into L band, C band, etc. The K band is further divided into the Ka band, which has 
higher frequency, and the Ku band, which has lower frequency. The direct broadcasting satellite 
that transmits TV programs to household audiences uses the Ku band.
Light Radio wave
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significantly reducing the time lost between the 
arrival at the site and the start of transmission. In 
addition, the telecast station on the mobile SNG 
vehicle can broadcast while traveling, which the 
conventional geostationary telecast station was 
incapable of doing. This enables, for example, the 
televising of marathons. Furthermore, telecast 
vehicles have rapidly become more sophisticated 
with the down-sizing of satellite communication 
devices, making it possible to edit videos on the 
SNG vehicle and easier to find a space for parking 
due to the down - sizing of the SNG vehicle 
itself. When the quasi-zenith satellite system is 
established, further improvements in terms of 
flexibility of parking, simplification of antennas, 
cost and size of the equipment are expected.
3 Objectives of the
 telecommunications satellite
 systems in the Third Science
 and Technology Basic Plan
The Third Science and Technology Basic 
Plan sets out the research and development 
themes and goals for three items: “Wideband 
I n t e rN e t wo r k i n g  e n g i n e e r i n g  t e s t  a n d  
Demonstration Satellite (WINDS),” “Engineering 
Test Satellite VIII (ETS -VIII),” and “Research 
a nd  d e ve lopme nt  o f  a d v a nce d  s a t e l l i t e  
communications technologies” based on the 
successful realization and demonstration of the 
former two items.
3-1 Engineering Test Satellite VIII (ETS-VIII)
JA X A has  schedu led the l au nch of  the 
Engineering Test Satellite VIII (ETS-VIII)[12] in FY 
2006 to demonstrate satellite communications 
technology that enables direct communication 
between portable terminals and satel l ites. 
JAXA will take the lead in the development of 
the satellite bus, a large deployable antenna, 
and a high-accuracy reference clock, while the 
development of the main communication devices 
will be carried out by the National Institute of 
Information and Communications Technology 
(NICT) and Nippon Telegraph and Telephone 
Corporation (NTT).
As shown in Figure 1, ETS -VIII deploys two 
huge antennae of 19 m×17 m to allow high-speed 
communication with mobi le objects using 
the S band. It is expected that the size of the 
ground station for satellite communication will 
be significantly reduced to be little larger than 
a cellular phone. The weight of the satellite in 
geostationary orbit is about three tons, the largest 
of Japan’s geostationary satellites. The dimensions 
of the satellite are: the length of solar panel is 
40 m in the deploying direction and the length 
of antenna in the deploying direction is also 40 
m. Among the elemental technologies of the 
satellite, the development of the large antenna is 
the most difficult problem, and experiments on 
deployment are being carried out as preliminary 
tests using partial models mounted on the second 
stage of the Ariane launch vehicle. Although the 
first experiment failed, the payload for the second 
deployment test (LDREX-2) was successfully 
launched using the Ariane 5 ECA launch vehicle 
on October 14, 2006. The objectives of these 
experiments are to demonstrate that the direction 
can be freely set using the phased array antenna 
and to demonstrate that the portable phones 
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Figure 1 : Structure of engineering test satellite VIII
Illustrated by JAXA
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and packet exchange are adequately performed 
using multibeam. If it can be shown that direct 
communication between the satellite and cellular 
phones is possible, as has been demonstrated 
by the Thuraya satellite, the purpose of the 
experiment, to show the feasibility of the new 
satellite communications technology, will have 
been achieved. It is also planned to carry out 
positioning tests using GPS by transmitting 
t ime in formation f rom the h igh - accuracy 
reference clock. These experiments are another 
step toward the Japanese version of the GPS 
technology.
3-2 Wideband InterNetworking engineering
 test and Demonstration Satellite (WINDS)
JA X A has  schedu led the l au nch of  the 
ultrahigh - speed Internet satel l ite (WINDS: 
Wideband InterNetworking engineering test and 
Demonstration Satellite)[13], as depicted in Figure 
2, in FY 2007. Features of the technology include: 
(i) f lexible control of orientation using active 
phased array antenna (APAA); (ii) high- speed 
information exchange using a switching router 
(155 Mbps × 3 channels) mounted on the 
satell ite; (i i i) output control in response to 
weather conditions using variable output Ka band 
communication; and (iv) mesh-type network that 
enables connection between users with a single 
hop.
The communication speed of WINDS depends 
on the type of ground antenna. The download 
speed is 155 Mbps for a household ultra small 
aperture terminal (USAT) with a dish diameter 
of 45 cm, and both upload and download speeds 
are 155 and 622 Mbps for very small aperture 
terminals (VSAT) with a dish diameter of 1.2 
and 2.4 m, respectively. Ultrahigh-speed satellite 
communication at 1.2 Gbps is possible for a large 
ground station with a dish diameter of 5 m for 
business use. This is yet to be realized.
W INDS’s  antenna system covers Japan,  
neighboring areas, and Southeast Asian countries 
including the major cities in these regions. 
Furthermore, Australia, New Zealand, and Hawaii 
are covered by the beam scanning of the active 
phased array antenna. Although the amount of 
data that can be transmitted using the Ka band is 
very large, the signal is significantly attenuated 
when it rains. In rainy regions, output is boosted 
using an output-variable high power multi-port 
amplifier (MPA) thereby ameliorating any rain 
attenuation effects.
By achieving these technical objectives, the 
digital divide will be bridged using satellite 
communications. It also means that the Internet 
can be spread to those regions where a terrestrial 
network is impractical.
Typical annual leasing fees for repeaters of 
commercial communications satellites amount 
to several hundreds of millions of yen. Regarding 
communication applications using WINDS, the 
Ministry of Internal Affairs and Communications 
will invite public submissions. If a proposal 
is accepted, the applicant will be entitled to 
prepare a ground station that suits the purpose 
of the experiment and use the high-performance 
repeater free of charge. By accepting requests 
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Figure 2 : Structure of ultrahigh-speed Internet satellite (WINDS)
Illustrated by JAXA
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from both domestic companies and Southeast 
Asian and Pacific nations, Japan will contribute to 
international cooperation.
3-3 Research and development of advanced
 satellite communications technology
In the period covering the implementation 
of the Third Science and Technology Basic 
Plan, the Min istr y of Internal A f fa i rs and 
Communications is planning to develop and 
demonstrate technologies that can be used to 
create robust communication tools applicable to 
natural disasters, eliminate the digital divide, and 
facilitate the introduction of the satellite Internet 
by making use of communication equipment 
mounted on ETS-VIII and WINDS.
Fur thermore,  d ivers i f ied basic satel l ite 
technologies that can be used in the event of 
natural disasters and in crisis management will 
be developed in addition to those for mobile 
object satellite communication using portable 
terminals. One example is the development of a 
repeater that can be used for high-capacity core 
networks in normal times as well as being used 
for a large number of low-capacity user circuits 
when disasters occur. Thus, by FY 2010, it is 
planned to develop the fundamental technologies 
required for building a system that secures the 
transmission of information using satell ites 
in a large-scale disaster so that the safety and 
security of the public can be ensured. Figure 3 is 
a schematic representation of advanced satellite 
communication.
4 Experimental results of
 Optical Inter-orbit
 Communications Engineering
 Test Satellite (OICETS) and
 future issues
In Japan, JAXA has taken on the challenge 
of developing a new technology for optical 
intersatel l ite communication, and achieved 
satisfactory results that are better than had been 
expected. Optical Inter-orbit Communications 
Engineering Test Satellite (OICETS: “Kirari”) was 
launched by ISC Kosmotras (Ukraine, Russia) 
using a Dnepr launch vehicle in August 2005. The 
major objectives of the test had been reached 
by March 2006 and fur ther demonstration 
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Figure 3 : Schematic representation of new satellite
  communication through ETS-VIII and WINDS
Illustrated by JAXA
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Figure 4 : Structure of Optical Inter-orbit Communications Engineering Test Satellite “Kirari”
llustrated by JAXA
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experiments are being conducted aiming at 
attaining better than planned results[14]. OICETS 
conducted a successful demonstration of optical 
communications between a geostationary satellite 
and a low earth orbit satellite, a world first. The 
counterpart in the experiment was the European 
geostationary communications satellite, Advanced 
Relay and TEchnology MISsion (ARTEMIS). The 
communication distance was about 40 thousand 
km and bidi rect ional communicat ion was 
successfully achieved with a relative displacement 
speed of several kilometers per second and a laser 
beam spread angle of 5 microradians.
I n  t h e  co m m u n i c a t i o n  t e s t  w i t h  t h e  
ground carried out by the National Institute 
o f  I n f o r m a t i o n  a n d  C o m m u n i c a t i o n s  
Technology (NICT) in March 2006 as par t 
of the communication tests using OICETS, 
errors of transmission from the satellite to the 
ground (downlink) were fewer than expected. 
Accordingly, the results were better than the 
targeted values in terms of reducing the effects of 
atmospheric fluctuations. However, line isolation 
occurred during the test due to the generation of 
clouds.
Since the speed of optical communication is 
much faster than that of microwaves currently 
used for the satellite communications, it may 
become possible to realize space communication 
networks in the order of gigabits (Gbps) or 
terabits (Tbps). One of the weak points of 
optical communications is that optical beams 
are significantly attenuated by clouds and vapor 
existing in the communication atmosphere. In 
communication between satellites, however, 
since the effects of the atmosphere can be 
a lmost ignored, h igh - capacity h igh - speed 
communicat ion i s  enabled.  Fur thermore,  
intersatellite optical communication allows a 
remarkable reduction in the size of antennas, 
which confers the advantage that the attitude is 
not affected by the motion of antenna while in 
operation. Communication technologies using 
radio waves almost reached maturity and the 
future development of satellite communications 
technologies will be focused on the improvement 
of optical communication technologies. Among 
the forms of communications between the earth 
and space, many of which are susceptible to 
atmospheric fluctuations, optical communications 
are expected to be effective in relay systems 
that connect ground stations in low rainfall 
desert areas, aircraft flying at high altitudes, and 
stratospheric platforms (airships).
5 Future satellite
 communications technologies
5-1 Prospects for the development of
 telecommunications satellite systems in
 the period up to 2020
JAXA established the Future Applications 
of  Satel l i tes  Subcommit tee f rom 2003 to 
2004 as par t  of  the Satel l i te  Appl icat ion 
Promotion Committee, and published a report 
entitled “Toward the Development of New 
Telecommunicat ions Satel l ite Systems”[15].  
This report describes the vision for the future 
based on the expected results of technical 
developments achieved by about 2010 using 
the mobile communications made possible by 
ETS -VIII and the ultra -high speed internet of 
WINDS. It is foreseen that the size of repeaters 
will be significantly reduced while capacity will 
be increased by about 2020. The systems are to 
be integrated into the Internet, meaning that 
the networks of common platforms based on 
the Internet protocol (IP) will play a core role. 
Regarding the satellite broadcasting system, the 
transition to the next-generation broadcasting 
system that uses the 21 GHz band is a matter 
requiring attention. As to data relay, the Data 
Relay Technology Satellite (DRTS: “Kodama”) 
relays a large amount of data collected by the 
earth observation satellites. In the future, it 
is expected that optical communications will 
be used for intersatel l ite communications 
based on the resu lts of OICETS. Figure 5 
shows the roadmap for the development of the 
telecommunications satellite system described 
in the report. A detai led roadmap was also 
introduced in the report, “Political Importance 
and Future Approach of Space Development 
in the Communications, Broadcasting and 
Positioning Fields” submitted by the Space 
Communications Policy Division of the Ministry 
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of Internal Affairs and Communications to the 
Space Activities Commission on August 25, 
2006[16].
5-2 Transition to quantum communications
Although not referred to in the roadmap 
shown in Figure 5, it is possible that quantum 
co m mu n ic a t i o n s  w i l l  b e g i n  to  r e p l a ce  
communications based on electromagnetic waves 
and light waves. The development of quantum 
communications has just started worldwide 
and the path to practical use would seem to be 
quite a long one, but steady progress in basic 
research is being made by the government and 
private companies in Japan. The Third Science 
and Technology Basic Plan of Japan has adopted 
the “realization of quantum communications 
technology that enables high capacity and 
confidentiality in information communications 
by  2030”  a s  a n  i mpor t a nt  re sea rch  a nd  
deve lopment  t heme  i n  t he  i n fo r m at ion  
and communications f ield. While quantum 
communications technology includes large-scale, 
complex application systems such as quantum 
computers and quantum teleportation, quantum 
cr yptography (quantum key d istr ibut ion) 
communication is the smallest- scale and most 
rudimentary application of the technology. The 
outstanding feature of quantum cryptography 
communication is that should quantum signals 
be stolen during transmission, the state of quanta 
changes instantaneously, becoming meaningless 
data and, at the same time, it is detected by the 
transmitter that the data have been stolen. This 
is why quantum communication is the safest 
communications system.
Qu a nt u m com mu n icat ions  tech nolog y  
u t i l i z e s  s u c h  p r o p e r t i e s  a s  q u a n t u m  
entang lement (quantum cor relat ion) and 
quantum superposition and it is quite different 
from conventional technologies that uti l ize 
electromagnetic waves and l ight waves. As 
explained in the next chapter, there is a trend 
overseas to conduct basic experiments in this 
field making use of outer space.
The eighth Delphi survey made by National 
Institute of Science and Technology Policy 
(NISTEP) in the period from 2003 to 2005 took 
up the theme that “quantum communications 
t e c h n o l o g y  e n a b l e s  h i g h - c a p a c i t y  
communications with planetary exploration 
satellites at a speed that is a million times faster 
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Figure 5 : Roadmap for the development of economical telecommunications satellite system consistent
 with ground systems
Source: Toward the Development of New Telecommunications Satellite Systems (JAXA)
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than that of current optical communications.” 
Th is theme is  seen at  the sub - domain of 
planetary exploration in the frontier field. This 
technology is expected to be realized when 
quantum communications technology is fully 
developed for terrestrial communication. The 
response to the Delphi questionnaire showed that 
quantum communications will most probably 
be technically realized around 2018 and put to 
practical use around 2028.
6 Trends in countries
 aiming at conducting quantum
 communications tests in space
Quantum communications technology is 
making the transition from indoor tests to 
field tests, and there is global competition over 
the longer communication distances that can 
be achieved. In Japan, field tests of quantum 
cryptography communication using optical fibers 
about 100 km long have been conducted[17]. The 
best result that has been achieved was: 1,000 
bps on the transmitting side and 10 bps on the 
receiving side at a distance of 100 km. Since the 
loss is large when optical fibers are used, the bit 
rate is about one hundredth for a distance of 100 
km, and it is very difficult to enable long distance 
communications without using relays. Japan’s 
current target is to obtain a bit rate of 100 kbps 
over 100 km.
Another approach to quantum communications 
is the open space propagation method that 
utilizes the straight path of light propagation. 
When the light propagates in open space on the 
ground, it is very difficult for the light to reach 
the objective point (receiving point) because 
of the curvature of the earth and, in addition, 
the l ight is attenuated or def lected by the 
atmosphere. A promising method to solve this 
problem is to set the route through outer space 
via a satellite. The U.S.A., European countries, and 
China are conducting research aiming at quantum 
communications between satel l ites and the 
ground.
(1) Open space propagation tests on
 the ground in the U.S.A.
In the U.S.A., a research group at Los Alamos 
National Laboratory succeeded in a test of 
quantum communications over 10 km by open 
space propagation (a method that does not use 
optical fibers). This is regarded as a remarkable 
success and could lead to high-speed quantum 
communications using outer space because the 
distance used in the tests was equivalent to the 
optical depth between satellites and the ground 
that amounts to several hundreds kilometers[18].
(2) European experimental plan for
 quantum communications using
 the International Space Station
Europe is conducting long-distance field tests 
of quantum cryptography communications 
using open space propagation on the ground. 
Professor Zeilinger of the University of Vienna 
(Austria) and his group performed open space 
propagation experiments to test the entanglement 
of quanta using optical ground stations (OGS) of 
the European Space Agency (ESA) in the open 
space between La Palma Island and Tenerife 
Island (both are part of the Spanish Canary 
Islands), which are 144 km apart[19]. To verify 
the results of the ground experiments over a 
longer distance, the group is planning a quantum 
cryptography communications mission called 
“SPACEQUEST” in outer space. A transmitter will 
be installed on the International Space Station 
and experiments on quantum communications 
in space over a distance of more than 1,600 km 
between the Space Station and the ground will 
be conducted[20]. This project has received high 
praise from ESA. It is scheduled to launch the 
equipment containing two optical terminals made 
by Contraves of Switzerland around 2011 at latest.
(3) Chinese plan for quantum communications
 tests using manned spacecraft
In China in 2005, Professor JianWei Pan of the 
University of Science and Technology of China 
succeeded in a test of quantum entanglement 
cryptography communication over a distance of 
13 km using the open space propagation method, 
a distance which is presently the world record[21]. 
Following this, quantum communications test 
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equipment is to be mounted on the manned 
spacecraft, “Shenzhou,” scheduled for launch in 
2008, and it is planned to conduct a quantum 
communications test over a distance of several 
hundreds kilometers. It should be noted that 
China may become the pioneer in long-distance 
communication using manned spacecraft on 
its own ahead of the U.S.A. and Europe. China’s 
main objective is to develop a system capable of 
achieving communications between two points 
on the ground via satellites as in the case of 
present satellite communications. It is supposed 
that China is trying to realize high - capacity 
s e c u r e  c o m m u n i c a t i o n s  b y  r e p l a c i n g  
conventional microwave communications with 
quantum communications.
(4) Start of space quantum communications
 in Japan
In Japan, NICT is conducting research on 
space quantum communications. In addition 
to the experiments on optical communication 
technology in outer space between OICETS 
and the ground, NICT is carrying out basic 
research on quantum communications. This 
may include field tests for high-capacity (terabit 
class), global - scale, long - distance quantum 
communications in the open space between 
outer space and ground by combining space 
robot technology, which is a Japan’s specialty, and 
quantum communications technology, into which 
research is just beginning. In order for Japan, 
which does not have its own manned spacecraft, 
to lead the world in this field, it is necessary to 
demonstrate space quantum communications 
over longer distances using communication 
test satellites such as OICETS. With the future 
advances  that  wi l l  be  made i n  quantu m 
communications technology, it is expected that 
more attention will be focused on space quantum 
communications, which is still in its infancy.
7 Conclusion
 —  The optimal form of technical
  development and applications
  of the telecommunications
  satellite systems —
Although satellite communications technology 
seems to have reached maturity, ETS -VIII and 
WINDS, in accordance with the Third Science 
and Technology Basic Plan, are expected to 
generate new communication technologies 
that represent a departure from conventional 
commercial satel l ite communications. It is 
impor tant to fu l ly incorporate such new 
technologies into our dai ly l i fe when they 
are developed, and, to accomplish this goal, 
the following need to be prepared including 
infrastructure development and improving the 
handling skills of users.
(1) Utilization of satellite communications in
 times of disasters and emergencies
Although catastrophic disasters have occurred 
frequently recently, no serious problems have 
affected communication networks, and the 
weaknesses of ter restr ia l  communicat ion 
networks seem to have been overlooked. 
However, catastrophic disasters, whether natural 
or human, accompanied by the destruction of 
communication infrastructures can occur at 
any time. Furthermore, even if communication 
channels are not destroyed, line connections 
are often disrupted due to communication 
congestion. Space infrastructures can overcome 
the weaknesses of terrestrial infrastructures, 
such as communication blackouts and traffic 
congestion, at times of disasters. Therefore, 
Japan should establish a “satellite that enables 
immediate information transfer to the public 
regarding disasters and emergency management” 
as one of the most important infrastructures. It 
goes without saying that software relating to how 
to communicate what information and practical 
procedures for rel iable implementation of 
measures are important. Communication routes 
in the event of disasters must be established and 
training and exercises including the operation of 
emergency power sources should be periodically 
conducted so that the positive effects of the 
nationwide instantaneous alert system (J-Alert) 
using satellite communications as the core system 
are maximized. It is desirable that not only 
employees of local governments but also local 
senior engineers participate in the training and 
exercises.
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(2) Continuous utilization of
 telecommunications satellite systems for
 improved convenience
In order to improve the convenience of 
mobile communications and provide ubiquitous 
Internet connection, it is necessary to continue 
to provide the communication functions of 
ETS -VIII and WINDS, which are now going to 
be operated on an experimental basis. Although 
permanent satellite systems must be procured 
globally because of the Super 301 Clause, this 
fact is not necessarily a barrier to the promotion 
of technical development in Japan. Japan should 
propose specifications for satellites required 
to serve the national interest and security 
including world class functions that have been 
developed in Japan. This would improve the 
chances that satellites equipped with devices and 
equipment developed in Japan are selected in the 
course global procurement. To bring about this 
situation, it is necessary to establish a system in 
which technical development, production, and 
operation are continuously being fostered.
(3) Promotion of research on future
 technologies based on satellite
 communications technology
J apa n  mu s t  dec ide  on  wh at  d i r ec t ion  
technical development should take in satellite 
communications systems after the targets of the 
Third Science and Technology Basic Plan has 
been achieved. In addition to the modification 
of technologies such as improving the capacity 
a nd  acc u r ac y  o f  com mu n ica t ion s  u s i ng  
electromagnetic waves and integration with the 
Internet, utilization of outer space as a research 
area for quantum communications technology 
is one possible future theme of research. Before 
quantum communications technology becomes 
widely applied in society, much research and 
development work including the development 
of new photonic elements and transmission 
systems must be conducted. Therefore, this is 
one direction that Japan should take in promoting 
research on space quantum communications 
that use space propagation over long distances 
(ranging from several thousands to several tens 
of thousands kilometers) based on the satellite 
communications technologies developed by 
Japan.
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Glossary
*1 Super 301 Clause: Super 301 Clause is one 
of the provisions in the Omnibus Trade 
and Compet it iveness Act (1988) that  
allows sanctions to be imposed on foreign 
countries. Its purpose is to strengthen 
Article 301 of the Trade Act, and stipulates 
that when unfair trade practices or trade 
barriers are suspected, the Office of the 
United States Trade Representative (USTR) 
will negotiate to improve the situation. If 
the situation does not change, retaliatory 
sanctions may be imposed on the relevant 
country. The Japanese government was 
asked to procure telecommunications 
satel l ites from global sources, and the 
Japanese government has procured all of its 
106
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
107
Q U A R T E R L Y  R E V I E W  N o . 2 3  /  A p r i l  2 0 0 7
geostationary telecommunications satellites 
from the U.S.A. since then.
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It is essential to enhance survey functions that underpin policy formulation in order for the science and technology administrative organizations, with MEXT 
and other ministries under the general supervision of the Council for Science 
and Technology Policy, Cabinet Office (CSTP), to develop strategic science and 
technology policy.
NISTEP has established the Science and Technology Foresight Center (STFC) with the aim to strengthen survey functions about trends of important 
science and technology field.  The mission is to provide timely and detailed 
information about the latest science and technology trends both in Japan and 
overseas, comprehensive analysis of these trends, and reliable predictions of 
future science and technology directions to policy makers.
Beneath the Director are six units, each of which conducts surveys of trends in their respective science and technology fields.  STFC conducts surveys 
and analyses from a broad range of perspectives, including the future outlook for 
society.
The research results will form a basic reference database for MEXT, CSTP, and other ministries.  STFC makes them widely available to private companies, 
organizations outside the administrative departments, mass media, etc. on NISTEP 
website.
The following are major activities:  
1.  Collection and analysis of information on science and technology 
trends through expert network
                                       —  STFC builds an information network linking about 2000 experts of 
various science and technology fields in the industrial, academic 
and government sectors.  They are in the front line or have 
advanced knowledge in their fields.
                                       —  Through the network, STFC collects information in various science 
and technology fields via the Internet, analyzes trends both in 
Japan and overseas, identifies important R&D activities, and 
prospects the future directions.  STFC also collects information on 
its own terms from vast resources.
                                       —  Collected information is regularly reported to MEXT and CSTP.  
Furthermore, STFC compiles the chief points of this information as 
topics for “Science and Technology Trends” (monthly report).
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2. Research into trends in major science and technology fields
                                       —  Targeting the vital subjects for science and technology progress, 
STFC analyzes its trends deeply, and helps administrative 
departments formulate science and technology policies.
                                       —  The research results are published as articles for “Science 
Technology Trends” (monthly report).
3. S&T foresight and benchmarking
                                       —  S&T foresight is conducted every five years to grasp the direction 
of technological development in coming 30 years with the 
cooperation of experts in various fields.
                                       —  International Benchmarking of Japan’s science and engineering 
research is also implemented periodically.
                                       — The research results are published as NISTEP report.
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